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Abstract

In the present, it is known widely Matlab is a program having
efficacy in analysis and design control system. But it only can analyses
simulated control system. This means users or operators must design real
control system for any purposes (maybe in feature of integrated circuits),
it therefore makes error of any variables occur. However, if we can take
real time output from each peripheral equipment to be compiled and
computed by control system in Matlab and send response out suddenly to
control it then accuracy in system will be increased. First, we design
interface card for getting and sending any data and signal between
computer and peripheral equipment pass through parallel port.
Consequently, we now use our own program for cooperating of computer
and interface card.
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3.2 msisuoa-fansidunns {C MEX S-Function)

a S g

%yﬁyaﬁﬁﬂm?aﬂm&éwﬂ1iﬂﬁﬁ¢mawmmaﬁ-ﬂqﬁ‘§u (NI INUINAA
(template) iitesaolunssudulumsadruea-latsuveusues mumaadsznen Tl
d1lasesumsihnuvedismssenndy TasliseTitonazdmugiiasng 14

mumaalld sfuntmpl_basic.c dseglulamaned simulink/src #iilu
Fu'laizaneivosnunuatios noz g sfuntmpl_doc.c 1u'lasanedidoafudmsu

a A A R
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do Ay e \ 5 o 9 o o a
“r‘]ﬂIJJﬂﬁﬂJ@Ql@a’-ﬁﬂﬂ‘]fu‘i-’]ﬂENﬂTﬂ‘lﬂﬂ\icﬁilﬁﬁSﬂﬂ$ﬁ@ﬁi?ﬂiﬂhﬁ1ﬂﬂﬂ13ﬂﬂnl

(define) nazmissau (include) dwio'lil
#define S FUNCTION NAME your sfunction name here
#define SFUNCTION LEVEL 2
#include “simstruc.h”
Taoil your sfunction name here fevoveusd-flefsuiisdeinisld

1 v E2 T
@usez il lulaezasnvevea-Heiduludydsdiio1#au) dulszamsmzoenliisud

Q/ Iy

v kY & &
falaseadndeyavessuaasaiilsznouludaedad (pointer) Tfsdeyanldflunsdiya
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Hu daunissan anclude) sziismnylas (macro) agnldlumsifvuazsudayaludy

aasn
151911 3.1 1sains IilddignsanTaoduaasaiionen Ind (compile) Hudin vd
Header File Description
mETizocooT externsinclude thistypes.h Coeteerad alatin iy e, o
real T
meriafccoT axterndinclude mex b RIATEADL MEX dile A

Lt

mETizoconT  axtern. ncluds matr iy h ST OV RTEN Ll sl

IR IR
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fmmamezadeisea lniidsaresw simstruc.h szdessaudnclude) daansis
an lalil

P P A o A 9 = sad s
ATT NN 3.2 wﬂmaﬂﬂamﬂmﬂ@ﬂmuammmgn‘iﬂwmwa%mamwmw

Header File Description
meTizbcoor/externincluds tmotypes.h Geteerad topes, oo real T
merizheoorirty oS libsre/rt_matey Lh Eloacrees foe XIXTT ALY

Porciles

[ y o [ o U y o JQ'J
3.2 2dnlszmansuiludvsundunisasgavesea-ilan gy

wa A A e ) ) a a Py
Tiioungadsfiamuumariinsiduwmisgaioved ugadiinea-fadsuve us

#ifdef MATLAB MEX FILE
#include “simulink.c”

#else

#include “cg sfun.h”

#endif

% td' v Y A d‘:m n:%i’
3.2.3ﬂ1’§‘i)ﬂﬂ1§Lﬂﬂ’3ﬂ‘ij‘ll'élﬂﬂ‘i/‘lﬁlﬂ‘i’l!ﬂﬂ‘ll‘h!

J:;/ Y] 4 Aa [ '
e a-lenvuveusiidnlsieidaesnsisenalsd sz ldmaiiage 1 lunas
v 9
$1891UANUAANIANN AU

ssSetErrorStatus(S, “error encountered due to ...”);
return;

areg1elumsly
mdlOutputs()
{
static char msg[256];
sprintf(msg, “Error due to %s”, string);
ssSetErrorStatus(s,msg);
return;
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daugimsdynsu (Simulation 1.oop)
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{
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Field2: ‘information for field2’
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int_ T ij; '
int_T nOutputPorts = ssGetNumOutputPorts(S);
for (i = 0; i < nOutputPorts; i++) {

real T *y = ssGetOutputPortRealSignal(S, 1);

int T ny=ssGetOutputPortWidth(S, 1);

for ( =0;j <ny; j++) {

y[i] = SomeFunctionToFilllnOutpui();,
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Date: 16 March 2002
Version: 1
Programed by Padungsak Rungruengrayubkul

file: Interface.C

I T

Abstract: C-MEX S-Function device driver for interface analog
input/output
*/

#idefine S FUNCTION NAME Interface
#define S_FUNCTION_LEVEL 2

#include <stdlib.h> /* malloc(), free(), strtoul() */
#include <time.h>
#include "simstruc.h" /* the simstruct access macros */

short int ReadADCI1 (unsigned int printer port);

short int ReadADC2 (unsigned int printer port);

void WriteDAC1 (unsigned int printer port,short int ao);
void WriteDAC2 (unsigned int printer port,short int ao);
short int j;

#define SAMPLE_PERIOD_ BASE 0.0001 /%

0.1 msec. is a base sample period*/

* Number of S-function Parameters and macros to access from the
SimStruct * NumPara, PrinterPara, AinputPara, DinputPara,
AoutputPara, DoutputPara, SampleT, StepSize, HardwareInterface,
HoldD1l, HoleD2

#define NUM_PARAMS (10)

ffdefine PRINTER PORT_PARAM (ssGetSFcnParam(S, 0

#define ANALOG_INPUT_PARAM (ssGetSFcnParam(S

#define DIGITAL INPUT_PARAM (ssGetSFcnParam(S 2
( 3
(

#define ANALOG_OUTPUT:PARAM ssGetSFcnParam (S,

#define DIGITAL | OUTPUT PARAM ssGetSFcnParam(S
#define SAMPLE ' TIME PARAM
#define MODEL STEP SIZE (ssGetSFcnParam(S,6))

ffdefine HARDWARE ‘INTERFACE
#define HOLD_DEVICE_l
#define HOLD DEVICE_ 2

/-k——— ——————————— *

* S—-function User Data &

(ssGetSFcnParam (S, 7
(ssGetSFcnParam(S, 8

))
1))
))
))
4))
(ssGetSFcnParam(S 5))
am
))
))
(ssGetSFcnParam(S,9))



* —-—*/

typedef struct ({

uint T printer port;

real T adc_analog min[2];

real T adc_analog max[2];

int T adc_digital min[2];

int T adc_digital max[2];

real T dac_analog min[2];

real T dac_analogjnax[Z];

int T dac digital min[2];

int T dac_digital max[2];

uint T sample time;

uint T model step count;

uint T model step size; // is a interger means
0."model step size" ex. if it value 5 it means 0.5 mSec.

int T hardware interface;

real T last signal([2];

real T next signal([2];

int. T hold_device[Z];

} CONTROL_CARD Info;

/*-—-— *
* S-function methods *
* */

/*

Function: mdlCheckParameters

*/
#idefine MDL CHECK PARAMETERS /* Change to #undef to remove function
*/

#if defined (MDL_CHECK_PARAMETERS )

static void mdlCheckParameters (SimStruct *S)

{

static char T errMsg[256];
boolean T allParamsOK = 1;
int number;
/ *
* ADC Analog Range
*/
number = mxGetllumberOfElements (ANALOG INPUT PARAM) ;
if (allParamsOﬁ==l && number!=2 && number!=4) {
strcpy (errlisg, "ADC Analog Range must be 2 or 4 elements
vector [minl,maxl,rin2,max2].\n");
allParamsOK = O0;
} '
if (allParamsOK==1 && number>=2 && ((real T)
mxGetPr (ANALOG INPUT PARAM) [0])>=((real T)
meetPr(ANALOG_INPUI_PARAM)[l])) {
strcpy(errMsg;"The specified ADC Analog Range #1 is not
supported by I/O board.\n");
allParamsOK = 0;
) ;



if (allParamsOK==1 && number==4 && ((real T)
mxGetPr (ANALOG INPUT PARAM) [2])>=((real T)
mxGetPr (ANALOG_INPUT PARAM) [3])) {
strcpy(errMsg, "The specified ADC Analog Range #2 is not
supported by I/O board.\n")
allParamsOK = 0;
}

/*
* ADC Digital Range
*f
number = mxGetNumberOfElements (DIGITAL INPUT PARAMj ;
if (allParamsOK==1 && number!=2 && number!=4) {
strcpy(errMsg, "ADC Digital Range must be 2 or 4 elements vector
[minl,maxl,min2,max2].\n")
allParamsOK = 0;
}
if (allParamsOK==1 && number>—2 && ((int T)
mXGetPr(DIGITAL_INPUT_PARAM)[0] (int_T)
mxGetPr (DIGITAL INPUT PARAM) [1]) {
strcpy(errMsg, "The specified ADC Digital Range #1 is not
supported by I/0O board.\n")
allParamsOK = 0;
}
if (allParamsOK==1 && numbe*-=4 && ((int T)
mxGetPr (DIGITAL INPUT PARAM) [2]) ((int_T)
meetPr(DIGITAL_INPUT_PARAM)[3] {
strcpy(errMsg, "The specified ADC Digital Range #2 is not
supported by I/0 board.\n")
allParamsOK = 0;
}

/*
* DAC Analog Range
*/
number = mxGetNumberOfElements (ANALOG OUTPUT PARAM) ;
if (allParamsOK==1 && number!=2 && number!=4) {
strcpy(errMsg, "DAC Analog Range must be 2 or 4 elements vector
[minl,maxl,min2,max2].\n")
allParamsOK = 0;
}
if (allParamsOK==1 && number>—2 && ((real T)
mxGetPr (ANALOG OUTPUT PARAM) [0])>=((real T)
mxGetPr (ANALOG OUTPUT PARAM) [17]) {
strcpy(errMsg,"The spec1f1ed DAC Analog Range #1 is not
supported by I/O board.\n"
allParamsOK = 0;
}
if (allParamsOK==1 && number==4 && ((real T)
mxGetPr (ANALOG OUTPUT PARAM) [2])>=((real T)
mxGetPr (ANALOG OUTPUT PARAM) [3])) {
strcpy(errMsg,"The Speleled DAC Analog Range #’ is not
supported by I/O board.\n"
allParamsOK = 0;

}

/*
* DAC Digital Range



*/
number = mxGetNumberOfElements (DIGITAL OUTPUT_ PARAM) ;
if (allParamsOK==1 && number!=2 && number!=4)
strcpy(errMsg, "DAC Digital Range must be 2 or 4 elements vector
[minl,maxl,min2,max2].\n")
allParamsOK = 0;
}
if (allParamsOK==1 && number>—2 && ((int_T)
mxGetPr (DIGITAL OUTPUT PARAM) [0])>=((int _T)
mxGetPr (DIGITAL OUTPUT PARAM) [1]) {
strcpy(errMsg, "The specified DAC Digital Range #1 is not
supported by I/O board.\n")
allParamsOK = 0;
}
if (allParamsCK==1 && number==4 && ((int T)
mxGetPr (DIGITAL OUTPUT PARAM) [2])>=((int_T)
mxGetPr (DIGITAL OUTPUT PARAM)[3])) {
strcpy(errMsg,"The specified DAC Digital Range #2 is not
supported by I/0 board.\n");
allParamsOK = 0;
}

/*
* Sample Time
*/
if (allParamsOK==1 &&
mxGetNumberOfElements (SAMPLE TIME PARAM) !=1) ({
strcpy(errMsg, "Sample Time must be a scalar, must have 1
element.\n");
allParamsOK = 0;
}
if (allParamsOK==1 && ((real T)
mxGetPr (SAMPLE TIME PARAM) [0])<=0) {
strcpy(errMsg, "Sample Time must be a positive number.\n");
allParamsOK = 0;
}

/*
* Model Step Size
*/

if (allParamsOK==1 && mxGetNumberOfElements (MODEL STEP SIZE)!=l)

strcpy(errMsg, "Model Step Size must be a scalar.\n");
allParamsOK = 0;

}
if (allParamsOK==1 && ((real_T)

meetPr(MODEL STEP SIZE)[O] 0y A

strcpy(errMsg,“Model Step Size must be a positive number.\n");
allParamsOK = 0;

}

if (!allParamsOK) {
ssSetErrorStatus (S, errMsg);

}

}
#endif /* MDL_CHECK PARAMETERS */

/*



Function: mdlInitializeSizes

*/
static void mdlInitializeSizes (SimStruct *S)
{ int T i;

struct tm *current time;

long ltime;

int InputNumber, QutputNumber;

ssSetNumSFcnParams (S, NUM PARAMS) ;
if (ssGetNumSFcnParams (S)==ssGetSFcnParamsCount (S)) {
mdlCheckParameters (S) ;
if (ssGetErrorStatus(S) !=NULL) {
return; /* Error reported in mdlCheckParameters */
}
} else {
return; /* Parameter mismatch will be reported by Simulink */

}

/* None of this s-functions's parameters are tunable during
simulation */
for (i=0;i<NUM_PARAMS;i++) {
ssSetSFcnParamNotTunable (S, i):
}
InputNumber = 2;
OutputNumber = 2;

#if defined (MATLAB MEX FILE)
time( &ltime );
current time = gmtime (&ltime) ;
if (current time->tm year>2002-1900) ({
InputNumber = 0;
OutputNumber = 0;
}
#endif*/

ssSetNumSampleTimes(S,1) ;
ssSetNumInputPorts (S, InputNumber) ;
ssSetInputPortWidth(s,0,2);
ssSetInputPortWidth(s,1,2);
ssSetNumOutputPorts (S, OutputNumber) ;
ssSetOutputPortWidth(S,0,2);
ssSetOutputPortWidth(S,1,2);
ssSetInputPortDirectFeedThrough(S,0,1);
ssSetInputPortDirectFeedThrough(Ss,1,1);

/*

Function: mdlInitializeSampleTimes

*/
static void mdlInitializeSampleTimes (SimStruct *S)
{ uint T ts;
ts = ((real T) mxGetPr (MODEL STEP SIZE) [0]);
ssSetSampleTime (S, 0, SAMPLE PERIOD BASE*ts) ;
ssSetOffsetTime (S, 0,0.0);



#define MDL_ START /* Change to ffundef to remove
function */

#if defined (MDL_ START)

/* Function: mdlStart

*

*/
static void mdlStart(SimStruct *8S)
{ int T num;

CONTROL CARD Info *CtrlCardInfo = ssGetUserData(S);
/*

* Initialize Control Card Info (pointer saved in the user data)
*/

if (CtrlCardInfo !'= NULL) {
free(CtrlCardInfo);
}
if ((CtrlCardiInfo = malloc(sizeof (CONTROL CARD Info))) == NULL)
ssSetErrorStatus (S, "Control Card Info Memory Allocation
Error\n") ;
return;

}

num = ((uint_ T) mxGetPr (PRINTER PORT PARAM) [0]);
switch (num) {
case‘ 1%
CtrlCardInfo->printer port = 0x0378;
break;
cesex2:
CtrlCardInfo->printer port = 0x03bc;
break;
caselp 37
CtrlCardInfo->printer port = 0x0278;

num = mxGetNumberOfElements (ANALOG INPUT PARAM) ;

CtrlCardInfo—>adc_analog_min[O] = T(real:T)
mXGetPr(ANALOG_INPUT_PARAM)[O]);
CtrlCardInfo->adc analog max[0] = ((real T)
mxGetPr (ANALOG_INPUT PARAM) [1]);
if (num==4) {
CtrlCardInfo->adc analog min[1l] = ((real T)
mXGetPr(ANALOG_INPUT_PARAM)[2]);
CtrlCardInfo->adc_analog max([1l] = ((real T)
meetPr(ANALOG_INPUT_PARAM)[3]);
} else {
CtrlCardInfo->adc _analog min[l] = CtrlCardInfo-
>adc_analog min[0];
CtrlCardInfo->adc_analog max[l] = CtrlCardInfo-

>adc_analog max[O0];

}

num = mxGetNumberOfElements (DIGITAL INPUT PARAM);

CtrlCardInfo->adc .digital min[0] = ((int T)
mxGetPr (DIGITAL INPUT PARAM) [0]);



CtrlCardInfo->adc digital max[0] = ((int T)
mxGetPr (DIGITAL INPUT PARAM) [1]);

if (num==4) {
CtrlCardInfo->adc digital min[l] = ((int T)
meetPr(DIGITAL_INPUT_PARAM)[2]);
CtrlCardInfo->adc digital max[1l] = ((int_T)
mxGetPr (DIGITAL INPUT PARAM) [3]);
} else {
CtrlCardInfo->adc digital min[l] = CtrlCardInfo-

>adc digital min([0];
CtrlCardInfo->adc digital max([1]
>adc _digital max[0];
}

CtrlCardInfo-

num = mxGetNumberOfElements (ANALOG OUTPUT PARAM) ;

CtrlCardInfo->dac analog min[0] = ((real T)
mxGetPr (ANALOG OUTPUT PARAM) [0]) ;
CtrlCardInfo->dac analog max[0] = ((real T)

mxGetPr (ANALOG OUTPUT PARAM) [1]);
if (num==4) {

CtrlCardInfo->dac analog min[1l] = ((real T)
meetPr(ANALOG_OUTPUT_PARAM)[2]);

CtrlCardInfo->dac analog max[1l] = ((real T)
mxGetPr (ANALOG OUTPUT PARAM) [3]);

} else {

CtrlCardInfo->dac analog min[1l] = CtrlCardInfo-
>dac_analog min[0];

CtrlCardInfo->dac analog max[1l] = CtrlCardInfo-

>dac_analog max[0];

}

num = mxGetNumberOfElements (DIGITAL OUTPUT PARAM) ;

CtrlCardInfo->dac digital min[0] = ((int T)
mxGetPr (DIGITAL OUTPUT PARAM) [0]);
CtrlCardInfo->dac digital max[0] = ((int T)

meetPr(DIGITAL_OUTPUT_RARAM)[l]);
if (num==4) {
CtrlCardInfo->dac_digital min[l] = ((int T)
mXGetPr(DIGITAL_OUTPUT_PARAM)[2]);

CtrlCardInfo->dac digital max([1l] = ((int T)
mXGetPr(DIGITAL_OUTPUT_PARAM)[3]);
} else {
CtrlCardInfo—>d%c_digital_min[1] = CtrlCardInfo-
>dac_digital min[O0]; i
CtrlCardInfo->dec_digital max[1l] = CtrlCardInfo-
>dac digital max([0];
}
CtrlCardInfo->sample time = ((uint T)
meetPr(SAMPLE_TIME_PARAA)[0]);
if (CtrlCardInfo->sample_ time==0) CtrlCardInfo->sample time =
1;
CtrlCardInfo->mode.._step_size = ((uint_ T)

mxGetPr (MODEL STEP_SIZE)[0]);



if (CtrlCardInfo->model step size== ) CtrlCardInfo-
>model step size = 1;

CtrlCardInfo->hardware interface = ((int_T)
meetPr(HARDWARE_INTERFACE)[O]);

CtrlCardInfo->hold device[0] = ((int_T)
meetPr(HOLD_DEVICE_l)[0]);
CtrlCardInfo->hold device[l] = ((int T)

mxGetPr (HOLD DEVICE 2) [0]);
CtrlCardInfo->model step count= CtrlCardInfo->sample time;

// * Initial Conditions
CtrlCardinfo->last signal[O0]
CtrlCardInfo->last signal[1l]

CtrlCardInfo->next signal[0]
CtrlCardInfo->next signal[1l]

Il
OGS ® o
Ne Nae ~e
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//ssSetUserData (S, (void*) CtrlCardInfo);

#if defined (MATLAB MEX FILE)

if (CtrlCardInfo->hardware interface==0 || ssGetSimMode (S) ==
SS_SIMMODE_NORMAL) {

mexPrintf ("\nControl Ladkrabang Analog Input/Output Interface
Card: Hardware Access Disabled\n");

CtrlCardInfo->hardware interface = 0;

}
#endif

ssSetUserData (S, (void*) CtrlCardInfo);

}
#endif /* MDL START */

/*
* Function: mdlOutputs

*/
static void mdlOutputs (SimStruct *S, int T tid)
{ unsigned int PrinterControlPort;
int T hardware,num,ai;
short int ao;
real T analog min,analog max;
real T digitai;ndn,digital_max;
real T signal,dac,adc;
real T last,range,dt;

real T *DAC =
ssGetOutputPortRealSignal (S,0) ;
real T *AT =
ssGetOutputPortRealSignal (S,1);
InputRealPtrsType A0 =
ssGetInputPortRealSignalPtrs(S,0);
InputRealPtrsType ADC =

ssGetInputPortRealSignalPtrs(S,1);



CONTROL CARD Info *CtrlCardInfo = ssGetUserData (S);
// enable or disable hardware

if (CtrlCardlnfo—>hardware_interface==l) {
hardware = 1;
PrinterControlPort = ((unsigned int) (CtrlCardInfo-
>printer port))+2;
} else {
hardware = 0;

}
// end of enable or disable hardware

if (CtrlCardInfo—>sample_time>l) {
CtrlCardInfo->medel step count += 1;
if (CtrlCardInfo—>m€del_step_count>=CtrlCardInfo—
>sample time) {
CtrlCardInfo->model step count = 0;
}
}

for (num=0;num<2;num++) {
analog min = CtrlCardInfo->dac_analog min[num];
analog max = CtrlCardInfo->dac analog max[num];

digital min = (real_T)(CtrlCardInfo—>dac_digital_min[num]);
digital max = (real_T)(CtrlCardInfo—>dac_digital_max[num]);
signal = *AO[num];

/*

* hold device

*¥

if (CtrlCardInfo->sample time>1) {
switch (CtrlCardInfo—>hold_device[num]) {

case 1:
if (CtrlCardInfo—>model_step_count>0) {
signal = 0.0;
}

break;
case 2:
Shic (CtrlCardInfo—>model_step_count== Yo |
CtrlCardInfo—>last_signal[numJ = signal;
} else {

signal = CtrlCardInfo->last signal [num];

}

break;
case 3:
i1 2 (CtrlCardInfo—>model_step_count=: y A
CtrlCardInfo—>last_signal[num] = CtrlCardInfo-
>next signal[num];
CtrlCardInfo->next signal[num] = signal;
} else {

last = CtrlCardInfo—>last_signal[num];
range = CtrlCardInfo->next signal [num]-
CtrlCardInfo->last signal [num];
dt = ((real T) (CtrlCardInfo-
>model_step_count))/((real_T)(CtrlCardInfo—>sample time) ) ;
signal = last+range*dt; B

}



}
/*

* end of hold device

s
if (signal>analog max) signal = analog_max;
if (signal<analog min) signal = analog_min;
ao (int T) (digital min+(digital max-digital min)* (signal-

(
(
analog min)/(analog max-analog min));
(
(
(

if (ao>digital max) ao = digital max;
if (ao<digital min) ao = digital min;
if (hardware==1)

{
if (num==0)
WriteDAC1 (PrinterControlPort, ao) ;
else
WriteDAC2 (PrinterControlPort, ao);

/*DACSetOutput (num,ao); */

dac = analog min+(((real T) (ao))-digital min)* (analog max-
analog min)/(digital max-digital min);

if (dac>analog max) dac = analog max;

if (dac<analog min) dac = analog min;

DAC [num] = dac;

// input Analog to digital

for (num=0;num<2;num++) {

analog min = CtrlCardInfo->adc analog min[num];
analog max = CtrlCardInfo->adc analog max[num];

digital min = (real T) (CtrlCardInfo->adc digital min[num]) ;
digital max = (real T) (CtrlCardInfo->adc digital max[num]) ;

if (hardware==1)
{
if (num==0)
ai = (int T) (ReadADCl (PrinterControlPort));
else

I

ai (int T) (ReadADC2 (PrinterControlPort));

else

{

signal = *ADC[num] ;

if (signal>analog _max) signal = analog max;
if (signal<analog min) signal = analog min;
ai = (int_T)(digital min+(digital max-

digital_min)*(signal—analog_min)/(analog_max—analog_min));

}

if (ai>digital max) ai = digital max;

if (ai<digital min) ai = digital min;

adc = analog min+(((real_ T) (ai))-digital min)* (analog max-
analog min)/(digital max-digital min); W

G 1 (adc>analgg_maX) adc = analog max;
if (adc<analog min) adc = analog:min;



AT [num] = adc;
}
if (CtrlCardInfo->sample time>1) {
ssSetUserData (S, (void*) CtrlCardInfo);
}

/* Function: mdlTerminate

*
*/
static void mdlTerminate (SimStruct *S)
{ unsigned int PrinterControlPort;
CONTROL _CARD Info *CtrlCardInfo = ssGetUserData(S) ;
if (CtrlCardInfo—>hardware_interface!=O && ssGetSimMode (S) !=
SS_SIMMODE NORMAL)
{
PrinterControlPort = ((unsigned int) (CtrlCardInfo-
>printer port))+2;
WriteDAC1 (PrinterControlPort, 0x00) ;
WriteDAC2 (PrinterControlPort, 0x00) ;
}
free(CtrlCardInfo);
ssSetUserData (S, NULL) ;

}

// Analog to Digital Converter Number 1

// Assymbly for Read ADC U4

short int ReadADC1 (unsigned int PrinterControlPort)

{ short int data;
__asm { mov dx,word ptr PrinterControlPort
mov al, 02h //reset hardware
out dx, al //dx is pointer to Control
Port
mov al,00h
out dx,al //dx is pointer to Control
Port
mov al,O0fh
out dx, al //dx is pointer to Control
Port
dec dx //change pcinter dx
to Printer Status Port
checkl: in al,dx //check
and _ al,40h
"~ test al,40h
Jjz checkl
inc dx //change pointer dx to

Control port

mnov al, Odh



Port

out

dec

to Printer Status Port

check2:

Port

in
and

test

jnz
ine
mov

out

in
or
out

dec
dec

to Printer Data Port

time that has MSB

Port

Port

in

bit
mov
inc
14¢C

in
and
out

mov
out

mov
out

in
or
out

dec
dec

to Printer Data Port

time that has MSB

in

bit
and
mov
inc
inc

dx,al

dx

al,dx

al,40h

check2

al,dx

bh,al
dx
dx

al,dx
al,1lfh
dx,al

al, 0dh
dx,al

al, 0%h
dx,al

al,dx
al,20h
dx,al

dx
dx

; al,dx

al, 60h
bl,al

dx

, dx

//dx is pointer to Control
//change pointer dx

//check

//dx is pointer to Control

//enable bi-directional
//change pointer dx

//rzecieve 8 bit at first

//disable bi-directional

//dx is pointer to Control

//dx is pointer to Control

//enable bi-directional

//change pointer dx

//recieve 8 bit at first



in
and
out

shr
(right)
and
mov
}
return (data) ;

}

al,dx

al,1lfh

dx,al //disable bi-directional
bx, 6 //set 10 bit to lsb bit
bx,03ffth

data,bx

// End of Assymbly for Read ADC U4

// Rnalog to Digital Converter Number 2
EEEEEEE RN R R R RN NN R RN

// Assymbly for Read ADC U6

short int ReadADC2 (unsigned int PrinterControlPort)

{ short int data;
__asm { mov
mov
out
Control Port
mov
out
Control Port
mov
out
Control Port
dec

to Printer Status Port

check3: in
and
test
Jjnz

inc
Control port

mov
out
Control Port

dec
to Printer Status Port

check4: in
and
test
jz

ine

dx,word ptr PrinterControlPort;

al,00h; //reset hardware
dx,al; //dx is pointer to
al,02h;
dx,al; //dx is pointer to
al, Oeh;
g, a1l //dx is pointer to
dx; //change pointer dx
S Sh > //check
al, 80h;
aly 801 i
check3
dx; //change pointer dx to
]
)
al,Och; !
dx,al; //dx is pointer to
dx; //change polinter dx
al,dx; //check
al,80h;
al,80h;
check4;
dx



mov al,08h;

out dx,al; //dx is pointer to
Control Port

in al,dx

or al,20h

out dx,al //enable bi-directional

dec dx;

dec dx; //change pointer dx
to Printer Data Port

in al,dx; //recieve 8 bit at
first time that has MSB bit

mov \ 59 PR = i

inc dx;

Lai'C iy

in al,dx

and a2l , 1fh

out dx,al //disable bi-directional

mov al, Och;

out dx Rauld: //dx is pointer to
Control Port

mov al,08h;

out dx,al; //dx is pointer to
Control Port

in al,dx

or al,20h

out dx,al //enable bi-directional

dec b

dec dx; //change pointer dx
to Printer Data Port

in al,dx; //recieve 8 bit at
first time that has MSB bit

and al, 60h

mov bl,al;

inc dx;

inc dx;

in al,dx

and al,1lfh

out dx,al //disable bi-directional

shr bx, 6 //set 10 bit to 1lsb bit
(right)

and bx,03ffh

mov data,bx

}

return(data) ;

}

// End of Assymbly for Read ADC U6



void WriteDAC1 (unsigned int PrinterControlPort,short int ao)

{

__asm { mov dx,word ptr PrinterControlPort;

//reset

dec dx //change pointer to
data port

dec dx

mov al, 00h // send data 00 reset

out dx,al

inc dx //change pointer to
control port

inc dx

mov al,02h

out dx,al

mov al, 00h

out dx,al

mov al,03h

out dx,al

dec dx //change pointer to
data port

dec dx

mov ax,ao //value to test 8 lower bit

out dx,al

inc dx

inc dx

mov al,02h 73,

out dx,al

dec dx //change pointer to
data bus

dec dx

mov ax,ao

mov al,ah//value of 2 top bit to test

out dx,al //send upper 8 bit data bus

inc dx //change pointer to
control bus

ing dx

mov al,06h //4.

out dx,al

}

" void WriteDAC2 (unsigned int PrinterControlPort,short int ao)
{
__asm { mov dx,word ptr PrinterControlPort;
//reset
dec dx //change pointer to
data port
dec dx



mov
out
inc

control port
) inc

mov
out

mov
out

mov
out

dec
data port

dec

mov

out

=1 ¢

inc

mov
out

dec
data bus

dec

mov

mov
test

out

ine
control bus

inc

mov
out

dx
ax,ao
al,ah

dx,al
dx

dx

al,04h
dx,al

// send data 00 reset

//change pointer to

//change pointer to

//value to test 8 lower bit

(%3

//change pointer to

//value of 2 top bit to

//send upper 8 bit data bus
//change pointer to

//4.

#undef MDL RTW /* Change to #undef to remove function */

#if defined(MDL_RTW)

static void mdlRTW (SimStruct *S3)

{
}

&& (defined (MATLAB MEX FILE) || defined (NRT) )



#endif /* MDL RTW */

#ifdef MATLAB MEX FILE
file? */ -
#include "simulink.c"
#else

#include "cg sfun.h"

*/

#endif

/* Is this file being compiled as a MEX-
/* MEX-file interface mechanism */

/* Code generation registration function
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Decoders/Demultiplexers

General Description

These Schottky-clamped circuits are designed to be used in
high-performance memory-decoding or data-routing appli-
cations, requiring very short propagation delay times. In
high-performance memory systems these decoders can be
used to minimize the effects of system decoding. When
used with high-speed memories, the delay times of these
decoders are usually less than the typical access time of the
memory. This means that the effective system delay intro-
duced by the decoder is negligible.

The LS138 decodes one-of-sight lines, based upon the con-
ditions at the three binary select inputs and the three enable
inputs: ‘Two active-low and one active-high enable inputs
reduce the need for external gates or inverters when ex-
panding. A 24-line decoder can be implemented with no ex-
ternal inverters, and a 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

The LS139 comprises two separate two-line-to-four-line de-
coders in a single package. The active-low enable input can
be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered
inputs, presenting only one normalized load to its driving
circuit. All inputs are clamped with high-performance

&National Semiconductor

54L.S138/DM54LS138/DM74L.S138,
54LS139/DM54L.S139/DM74LS139

June 1989

Schottky diodes to suppress line-ringing and simplify system
design.

Features
& Designed specifically for high speed:
Memory decoders
Data transmission systems
B LS138 3-to-8-line decoders incorporates 3 enable in-
puts to simplify cascading and/or data reception
® LS139 contains two fully independent 2-to-4-line decod-
ers/demultiplexers
m Schottky clamped for high performance
® Typical propagation delay (3 levels of logic)
LS138 21ns
LS139 21ns
B Typical power dissipation
LS138 32 mw
LS139 34 mw
B Alternate  Military/Aerospace  devices (54LS138,
541.S139) are available. Contact a National Semicon-
ductor Sales Office/Distributor for specifications.

Connection Diagrams

Dual-in-Line Package

Dual-in-Line Package

Order Number 541.S138DMQB, 54L.S1 38FMQB,
541.5138LMQB, DMS54L.5138J, DM54L.5138W,
DM74LS138M or DM74LS138N
See NS Package Number E20A, J16A,
M16A, N16E or W16A

SELECT DATA OUTPUTS
DATA OUTPUTS EAERCE .
. N Vec 62 A2 B2 2v0  2v1  2v2  2v3
Vec YO Y1 Y2 Y3 va y5 vs
16 I‘s 14 |12 |12 ln Ixo Is
16 ]15 lm '13 '12 'n ,10 ls KL é, é (L
1 2 3 |a |s 6 7 8 1 2 3 |4 Is |e |7 8
8 C G2A G28B GI v7 GND ENABLE A1 BI 10 11  1v2  1¥3 GND
S—_— ouTePUT G1 ———
SELECT ENABLE SELECT DATA OUTPUTS
TUL/F/6391-1 TU/F/6391-2

Order Number 54L.5139DMQB, 54LS139FMQB,
54LS139LMQB, DM54LS139J, DM54LS138W,
DM74LS139M or DM74LS139N
See NS Package Number E20A, J16A,
M16A, N16E or W16A
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Absolute Maximum Ratings (vote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 7V
Input Voltage 7Vv
Operating Free Air Temperature Range

DM54LS and 54L.S —55°Cto +125°C

0°Cto +70°C
—65°C to +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operaled at these limits. The
parameltric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Symbol Parameter DM54L5138 DM74L5138 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 \'
Vi High Level Input Voltage 2 2
ViL Low Level Input Voltage 0.7 0.8 Vv
lon High Level Output Current —0.4 -04 mA
loL -_Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 &
'LS138 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (NK:U Max Units
Vi Input Clamp Voltage Vee = Min, || = —18 mA ) \%
Von High Level Output Vee = Min, loy = Max, DM54 2.5 34
Voltage ViL = Max, Viy = Min DM74 27 3.4 )
VoL Low Level Output Vee = Min, lg, = Max, DM54 0.25 0.4
Voltage ViL = Max, Viy = Min DM74 0.35 0.5 v
loL = 4mA, Voo = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V, = 7v
Input Voltage o m4
Iy High Level Input Current Vee = Max, V= 27v 20 LA
I Low Level Input Current Vee = Max, V| = 04V —0.36 mA
los Short Circuit Vee = Max DM54 —20 —100
Output Current (Note 2) DM74 —20 ~100 P
Icc Supply Current Vee = Max (Note 3) 6.3 10 mA

Note 1: All typicals are at Vee = 5V, Ta = 25°C.

Note 2: Not more than 0ne output should be shorted
Note 3: Ic is measurod with all outputs enablod and

at a time, and the duration should not exceed one second.

open.




’LS138 Switching Characteristics

atVee = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

R = 2kQ
From (Input) Levels
Symbol Parameter To (Output) of Delay C_ = 15pF C_ = 50 pF Units
Min Max Min Max
toLH Propagatfon Delay Time Selectto 2 18 27 hS
Low to High Level Output Output
tpHL Propagation Delay Time Select to 2 27 40 s
High to Low Level Output Output
tpLH Propagat}on Delay Time Selectto 3 18 27 g
Low to High Level Output Output
tonL Pfopagatlon Delay Time Select to 3 27 40 ns
High to Low Level Output Output
teLH Propagat‘lon Delay Time Enable to 2 18 27 ns
Low to High Level Output Output
tpHL Propagation Delay Time Enable to
4 40
High to Low Level Output Output ; 2 ns
toLH Propagation Delay Time Enable to
’ Low to High Level Qutput Output N 18 & ns
tpHL Propagation Delay Time Enable to
High to Low Level Qutput Output 2 2 “ -
Recommended Operating Conditions
Symbol Parameter BNB4LS139 BMZIES182 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 45 5 5.5 4.75 5 5.25
ViH High Level Input Voltage 2 2
ViL Low Level Input Voltage 0.7 0.8
lon High Level Output Current —-04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature 555 125 0 70 °C




’LS139 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)

iti : Typ
Symbol Parameter Conditions Min (Note 1) Max Units
V) Input Clamp Voltage Vee = Min, || = -18 mA -1.5 \"
Vox High Level Output Vce = Min, lgy = Max, DM54 2.5 34 v
Voltage ViL = Max, Vi = Min DM74 2.7 3.4
VoL Low Level Output Vee = Min, Ig. = Max DM54 0.25 0.4
Voltage Vi = Max, Viy = Min DM74 0.35 0.5 \Y
loL = 4mA, Voo ~ Min DM74 0.25 0.4
L Input Current @ Max Voo — Max, v, — 7v 0.1 mA
Input Voltage
Iy High Lovaol Input Curront Vi, Max, Vv, 2.7V 20 1A
I Low Level Input Current Voo — Max, vV, — 0.4V -0.06 mA
los Short Circuit Ve = Max DM54 —-20 -100 FA
Output Current (Note 2) DM74 —20 ~100
lcc Supply Current Vee = Max (Note 3) 6.8 11 mA
Note 1: All typicals are at Vge = 5V, To = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Ic is measured with all outputs onabled and open
'LS139 Switching Characteristics
atVee — 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
= 2k(
From (Input) Ak
Symbol Parameter To (Qutput) CL = 15pF C_ = 50 pF Units
Min Max Min Max
teLn Propagatluon Delay Time Select to 18 27 5
_ Low to High Leve! Output Output
tPHL Propagation Delay Time Select to 1o i I 4
High to Low Level Output Output
tpLH Propagation Delay Time Enable to ia 27 .
Low to High Level Output Output N
¢ . .
PHL Propagatlon Delay Time Enable to 24 40 g
High to Low Level Output Output
Function Tables
LS138 LS139
|
nputs Outputs {nputs Outputs
Enable | Select Enable Select
G1|(G2*|Cc|B YO|Y1|Y2|Y3|Ya|Y5|Y6| Y7 G B A Yo Y1 Y2 Y3
X1 HIX[X[X|H|H|H|H|H]|HI|H H H X X H H H H
L X IXIXIX{H|H|H|H|H[H H| H L L b L H H H
Hl L jLfL|tf L H|H|H]|H]|H H| H L L H H L H H
HI L JLIL|H|H|{L|{H|H|H[H H{H r H L H H L H
HI LJLIH|L|H|H|L|[H|H]|H H|H L H H H H H L
HI L JLIH|H| H|{H|[H]|LIH HIH|H
H = High L= X% e
H L Hlic|L| H H H H L H H H igh Level, L = Low Level, X Don't Care
HI L JH|L|H| H|H|H|H]|H LIH|H
HI L |HIH|L|H|H|[H|H|H HiL|H
Hl L |H|H|H| H|H]|H]|H]|H HiH| L
* G2 = G2A + G28B

H = High Leve!, L = Low Level, X = Don't Care




Logic Diagrams
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PhySical Dimensions inches (millimeters)
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Physical Dimensions inches (milimeters) (Continued)
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95°%5°
ol do L/ 0.008=0.016
o0 N ] L o = 2R 4
0.125=0.150 I-- 0.030£0.015 (7.112)
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0.014-0.023 0.100£0.010 +0.040
v 0.050£0.010 (Z54020.254) 0385 015 NIGE (ReV )
. : hi +1.016
1.270%0.
(i 270z 2754) (8255%1918)

16-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS138N or DM74LS139N
NS Package Number N16E




54L.S138/DM541L.S138/DM74L.S138,

54L.5139/DM54L.S139/DM74L.S139 Decoders/Demultiplexers

Physical Dimensions inches (millimeters) (Continued)

0.050—0.080 ; 003w
{1.270-2.032) {§.423-9.906)
0.004—0.006 - 0.007-0.018 _ 0.050 £0.005
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ne | —p~| |~e—0.000 Mim Tvp
N 4
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1
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T il D000 1 D012,
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PIN NO. 1 0.250-0.370 DETAILA
IDENT (6.350 -9 398)
R
. 0.026-0.040 L 7.’% 0.015-0.019.
st T 0.381-0.482)

UIFE SUPPORT POLICY

TYp

B PEY

16-Lead Ceramic Flat Package (W)
Order Number 54L.S138FMQB, 54LS139FMQB, DM54LS138W or DM54LS139W
NS Package Number W16A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Ufe support devices or systems are devices or

2. A critical component is any component of a life

systems which, (a) are Intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whose fallure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Nationel Semiconductor

Corporation

1111 West Bardin Road
Arlington, TX 78017
Tet: 1(800) 272-8950
Fax 1{800) 737-7018

o

National Semiconductor

Europe
Fex: (+48) 0-180-530 85 86
Email: cnjwge@ .com
Deutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Francais Tel: (+49) 0-180-632 83 58
faliano  Tel: (+48) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsu, Kowloon

Hong Kong
Tek: (852) 2737-1600
Fax: (852) 2736-8960

National Semiconductor
Japan Ltd,

Tel: 81-043-299-2309
Fax: 81-043-299-2408
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DM74LS373 -« DM74LS374

General Description

These 8-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highly-capacitive or rela-
tively low-impedance loads. The high-impedance state and
increased high-logic level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face &r pull-up components. They are particularly. attractive

- for implementing buffer registers, /O ports, bidirectional
bus drivers, and working registers.

The eight latches of the DM74LS373 are transparent D-
type latches meaning that while the enable (G) is HIGH the
Q outputs will follow the data (D) inputs. When the enable
is taken LOW the output will be latched at the level of the
data that was set up.

The eight flip-flops of the DM74LS374 are edge-triggered
D-type fiip flops. On the positive transition of the clock, the
Q outputs will be set to the logic states that were set up at
the D inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (HIGH or LOW
logic levels) or a high-impedance state. In the high-imped-
ance state the outputs neither load nor drive the bus lines
significantly.

The output control does not affect the internal operation of
the latches or flip-flops. That is, the old data can be
retained or new data can be entered even while the outputs
are OFF.

April 1986
Revised November 2001

3-STATE Octal D-Type Transparent Latches
and Edge-Triggered Flip-Flops

Features

M Choice of 8 latches or 8 D-type flip-flops in a single
package

B 3-STATE bus-driving outputs

M Full parallel-access for loading

B Buffered control inputs

B P-N-P inputs reduce D-C loading on data lines

Ordering Code:

Order Number [Package Number Package Description
DM74LS373WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
DM74LS373SJ M200 20-Lead Small Outline Package (SOP), EIAJ TYPE (I, 5.3mm Wide
DM74LS373N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
DM74LS374WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
DM74LS374SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS374N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

L

Devices also available in Tape and Reel, Specify by appending the suffix letter "X" o the ordering code.

|

© 2001 Fairchild Semiconductor Corporation DS006431

www.fairchildsemi.com
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DM74LS373 - DM74LS374

Connection Diagrams

DM74LS374
Vee a0 (o) o 70 60 e &0 60 crock
0 | |18 ]\7 [ ]u lu '11

DM74LS373
ENABLE
Veo L] 0 ™ 0 s« @ 0 $Q a
IN llﬂ l!l [l’ I|‘ [I‘ !l‘ 12 2 [ll
o Q o aQ
P
| e
|| [: Ix [l ]s {n ] a ° 10
UTRUT 10 10 m Q Y 30 a 4 and
CONTROL

Function Tables

DM74LS373 DM74LS374
Output Enable ) Output
D Output Clock D OQutput

Control G Control

L H H H 15 T H

L H L L L 7 L L

L L X Qq L L X Qq

H X X Zz H X X Z

Logic Diagrams

DM74LS373
Transparent Latches
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H = HIGH Level (Stcady State)

T = Transition from LOW-10-HIGH fevel
before steady-state input conditions were established.

L = LOW Level (Steady State)
Z = High Impedance State
Qg = The level of the output

X = Don't Care

DM74LS374
Positive-Edge-Triggered Flip-Flops
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Absolute Maximum Ratingsote 1)

Note 1: The "Absolute Maximum Ratings” are those values beyond which

Supply Voltage 7V the safety of the device cannot be guaranteed. The device should not be

operaled at these limits. The parametric values defined in the Elecirical
Input Voitage v Characteristics tables are not atthe ab i ratings.
Storage Temperature Range —65°C 10 +150°C  The *Recommended Operating Conditions" table will define the conditions

| devi tion.
Operating Free Air Temperature Range 0°C to+70¢C 'O actual device operation

DM74LS373 Recommended Operating Conditions

YLESTPLING » €LESTYLING

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \%
Vi HIGH Level Input Voltage 2 \
Vi LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -2.6 mA
loL LOW Level Output Current 24 mA
ty Pulse Width . |Enable HIGH 15 ns
. (Note 3) Enable LOW 15
tsy Data Setup Time (Note 2) (Nole 3) 5l ns
ty Data Hold Time (Note 2) (Note 3) 201 ns
Ta Free Air Operating Temperature 0 70 °C

‘Nolc 2: The symbol ({) indicates the falling edge of the dock pulseis used for reterence
Note 3: T, = 25°C and Vg = 5V.

DM74LS373 Electrical Characteristics

over recommended operaling (ree air temperature range (unless otherwise noted)

T
Symbol Parameter Conditions Min (No’l!pd) Max Units
e
Vi Input Clamp Vollage Vce=Min, [[=—18 mA -15 v
\% HIGH Level Ve = Min, gy = Max
OH cc=Min, loy i 24 31 v
Output Voltage ViL = Max, Vi = Min
VoL LOW Level Vee = Min, lg = Max
Output Voltage ViL =Max, Viy = Min 035 05 )
loL =12 mA, Ve = Min 04
N Input Current @ Max Input Voltage  |Vee =Max, V=7V 0.1 mA
Iy HIGH Level Input Current Vec=Max, V=27V 20 A
he LOW Level Input Current Vec=Max, V=04V 04 mA
lozy Ofi-State Output Current with Vec=Max, Vg =27V 20
HIGH Level Output Voliage Applied | Vy = Min, Vi = Max
loa Ofi-State Output Current with Voo =Max, Vg = 0.4V oo
LOW Level Outpul Vollage Applied [ Vyyy = Min, Vy = Max J pA
los Short Circuit Output Current Vee =Max (Note 5) -50 -225 mA
lec Supply Current Vee =Max, 0C = 4.5V,
24 40 mA
Dy Enable = GND

Note 4: Alf typicals are at Vee =5V, T =25°C.

Note 5: Not more than one oulput should be shorted at a time, and the duration should not exceed one second.

www.fairchildsemi.com




DM74LS373 « DM74LS374

DM74L.S373 Switching Characteristics

at Voo = 5V and Ty =25°C

Ry = 667Q2
Symbol Parameter From (Input) C_=45pF Cy = 150 pF Units
To (Output) Min Max Min Max
[ Propagalion Delay Time DEBIGQ 18 2% -
LOW-lo-HIGH Level Output
tprL Propagation Delay Time DaE 16 18 27 s
HIGH-to-LOW Level Output ;
i i ]
toLn Propagation Delay Time Enable 0 Q 10 ! 38 s
LOW-1o-HIGH Level Output [
P lion Delay Ti
lppL ropagation Delay Tima EnabicToid 10 I 16 s
HIGH-lo-LOW Level Oulput
tpzi Qutput Enable Time
Pzd uiP ! Output Conlrol 1o Any Q 28 36 ns
1o HIGH Level Output
t, Output Enable Time
kL uie l Output Control to Any Q 36 50 ns
i to LOW Level Output |
tpuz Output Disable Time ]
Output Conlrol to Any Q 20 ns
from HIGH Level Output (Note 6) l
[ Oulput Disable Time '
Qulpul Conlral to Any Q 25 ns
from LOW Level Output (Note 6) |
Notc 6:C, 5pF
DM74LS374 Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \
Viy HIGH Leve! Input Voltage 2 \
ViL LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -2.6 mA
loL LOW Level Output Current 24 mA
tw Puise Vidtn Ciock HIGH o;
ns
(Note 8) Clock LOW 15
tsu Data Setup Time (Note 7) (Note 8) 20T ns
ty Data Hold Time (Note 7) (Note 8) i ns
Ta Free Air Operating Temperature 0 70 §C

Note 7: The symbol (1) indicates the fAsing edge ot the clock pulse is used tor reterence.
Note 8: Ty = 25"C and V¢ = 5V.

www.fairchildsemi.com




DM74LS374 Electrical Characteristics

over rec ded operaling free air temp range (unless othewise noted)

Symbol Paramater Conditions Min (N:f:s) Max Units
v Input Clamp Voltage Vee =Min, [j=-18 mA -15 \
Von HIGH Level Vee =Min, loy = Max 72 - .

Output Voltage Vi = Max, Vi = Min
VoL LOW Level Ve = Min, g = Max 0.35 05
Output Voltage Vi = Max, Vi = Min \
loL =12 mA, Vge = Min 0.25 04
Iy {nput Current @ Max Input Voltage Vee =Max, V=7V 0.1 mA
iy HIGH Level Input Current Veg=Max, V=27V 20 HA
Iy LOW Level Input Current Ve =Max, V=04V -04 mA
lozn Off-Stale Oulput Current with Ve =Max, Vo= 2.7V 2 1A
HIGH Leve! Output Voltage Applied Vi =Min, Vi =Max
lon Off-State Output Current with Vee =Max, Vg =04V - 1A
LOW Level Output Voltage Applied V|4 = Min, Vy =Max
los Short Circuit Output Current Ve =Max (Note 10) -50 -225 mA
Icc Supply Current Ve =Max, D, = GND, OC = 4.5V 27 45 mA

Note 8: Al typicals are at Vg = 5V, T = 25°C.

Note 10: Not more than one output should be shorted at a time, and the duration should not exceed one second.

DM74LS374 Switching Characteristics

atVee =5V and Ty = 25°C
Ry = 667(2
Symbol Paramater Cy =45pF C =150 pF Units
Min Max Min Max

fmax Maximum Clock Frequency 35 20 MHz
oy Propagation Delay Time

LOW-to-HIGH Level Output R B &
= Propagation Delay Time

HIGH-t0-LOW Level Output 28 88 i
tezH Output Enable Time

10 HIGH Level Output 2 3 .
oz Output Enable Time

10 LOW Level Output 24 o s
lpyz Oulput Disable Time

from HIGH Level Output (Note 11) 29 ¥
pz Output Disable Time

from LOW Level Output (Nole 11) = pe

Note 11: C =5 pF.

www.fairchildsemi.com
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DM74L.8373 » DM74LS374

Physical Dimensions inches (milimeters) unless otherwise noted

L _Ouss-um2

112,698 - 13.005)

20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
Package Number M20B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

00/00;

_______F____ 5.01TYP

9.27TYP

|
(213TYP} ﬂ] m !
| _
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LAND PATTERN RECOMMENDATION

f SEE DETAILA
1.8:0.1 e

o 12.6£0.10 —————~t
0.40TY? —ei

f__,l

- PIN #1 IDENT.

ALL LEAD TIPS

@_J L~ __; L \ —/ c.«s-o;s_—f

DIMENSICNS ARE IN MILLIMETERS

GAGE PLANE

NOIES: g 1P 025
A. CONFORMS TG EIAJ EDR-732C REGISTRATION.
ESTABLISHED IN DECEMBER, 1958,
B. GIMERSIONS AN IN MILLME TS, f
C. DIMFNSIGNS ARF FXCLUS IV OF BURRS, MOID =AY A
FLASH, AND TIE BAR EXTRUSIONS 18 1?,"__1 SFATING PIANT

M20DRevB 1

DETAIL A

20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M20D

7 www.fairchildsemi.com
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

DM74LS373 » DM74LS374 3-STATE Octal D-Type Transparent La_tches and Edge-Triggered Flip-Flops

Fairchild reserves the right at

1013109
08T 2573-26.42)
2337 70752 £.0320.005
2337 %0.752) .
MAX 0P -\ 2] -"_@M_@ﬂ ©81326.127) \
I 0266 10.005 Aab
PINNO. 1IDENT 26620005
™~ @ 6804 0177) PINND. T IDENT—~__
[ L oFTioN 1 L
g T O ) © W 6
[OMIN
0.090 0PTION 2
0.300-0320 385
(1 820-8.128) 0 N :
fia 2060 NOM - 0od0 - GPIIONZ — 0.130 0.005
| 0065 (152a) oG ux T | [
i (1 TYP Tve 1 = o i
' 1051) i
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! '__L I | ! 0.145-0.200
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95%5° 0.009-0.015 f 90°.0.004° { !
V228030 0.020
Tye e1002000 | L__ | 0125 0160 {0508
0.060 +0.005 (250 ruzs) 1 0.018.10.003 13175-3555) MIN
- 10 040 (1.52420.127) = (0.45710.07¢) !
0325 g1
41016
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N20A(AEV G,

20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

COMPONENTS IN LIFE SUPPORT

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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DM74LS244

General Description

These buffers/line drivers are designed to improve both the
performance and PC board density of 3-STATE buffers/
drivers employed as memory-address drivers, clock driv-
ers, and bus-oriented transmitters/receivers. Featuring 400
mV of hysteresis at each low current PNP data line input,
they provide improved noise rejection and high fanout out-
puts and can be used to drive terminated lines down to
133Q.

August 1986
Revised March 2000

Octal 3-STATE Buffer/Line Driver/Line Receiver

Features
B 3-STATE outputs drive bus lines directly
B PNP inputs reduce DC loading on bus lines
B Hysteresis at data inputs improves noise margins
B Typical lo_ (sink current) 24 mA
B Typical loy (source current) —15 mA
B Typical propagation delay times
Inverting 10.5 ns
Noninverting 12ns
B Typical enable/disable time 18 ns
B Typical power dissipation (enabled)
Inverting 130 mwW
Noninverting 135 mw

Ordering Code:

Order Number |Package Number Package Description
DM74LS244WM M208B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS244SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74L.S244N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

Ve 26 Y1 244 1¥2 243 1¥3 242 1v4 2a1
|20 |18 J1s |7 |6 [15s [1a |13 |12 |11

o

!1[2 3 e 5[6 7 [afs]w
16 1A1 2v4 1A2 2Y3 1A3 2v2 144 2v1 GND

Devices also available in Tape and Reel. Specity by appending the suffix letter "X~ {0 tho ordering code.

Function Table

Inputs Outpuﬁ
G A Y
L L L
L H H
H X 7

L =LOW Logic Level

H = HIGH Logic Level

X = Etther LOW or HIGH Logic Level
Z = High Impedance

© 2000 Fairchild Semiconductor Corporation DS008442

www.fairchildsemi.com
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DM74LS244

Absolute Maximum Ratingsote 1)

Supply Voltage v
Input Voltage v

Note 1: The "Absolute Maximum Ratings” are those values beyond which
the satety of the device cannot be guaranteed. The device should not be
operated at these limits. The parametric values defined in the Electrical
Characteristics {ables are not guaranteed at the absolute maximum ratings.

Operating Free Air Temperature Range
Storage Temperature Range

-65"C to +150“C

0°C to +70°C

tor actual device operation

Recommended Operating Conditions

The “Recommended Operating Conditions” fable will define the conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \
Vi HIGH Level Input Voltage 2 \
Vi LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -15 mA
loL I LOW Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air lemperature range (unless otherwise noled)
Min Typ Max
Symbol Parameter Conditions Units
(Now 2)
" Inpul Clamp Voltage Vee=Min, | = -18 mA -1.5 \
HYS Hysteresis (Vy, - V1) Vee= Min 02 04 v
Data Inputs Only
Von HIGH Level Output Voltage Vee= Min, Vi =Min 97
Vi =Max, lgy=~1 mA
Vee=Min, Viy =Min 1 a4 v
Vi =Max, loy =-3 mA
Vee=Min, Vi, =Min o
Vi =05V, lgy = Max
Vou LOW Level Output Voltage Vee=Min loL =12 mA 0.4
Vi =Max loL = Max 0.5 \
Viy=Min
lozn Off-State Output Current, Vee=Max Vo=27V 20
HIGH Level Voltage Applied Vy =Max
loz. Off-State Output Current, Viy = Min Vo =04V -20 A
LOW Level Voltage Applied
Iy Input Current at Maximum Ve =Max Vi=7v 0.1 mA
Input Voltage
I HIGH Leve! Input Current Vee = Max V=21V 20 HA
' LOW Level Input Current Ve = Max V=04V -0.5 -200 A
los Short Circuil Outpul Current Ve = Max (Nole 3) —40 -225 mA
lec Supply Current Ve =Max, Outputs HIGH 13 23
Outputs Open Outputs LOW 27 46 mA
Outputs Disabled 32 54

Note 2: All typicals are at Veg =5V, Ta=25°C.

Note 3: Not more than one output should be shorled at atime, and the duration should not exceed one second.

www.fairchildsemi.com




Switching Characteristics
atVee =5V, Tp=25°C

Symbal Parameter Conditions Max Units
tpLn Propagation Delay Time C_ =45 pF 18 ns
LOW-t0-HIGH Level Output R =667Q
tpHL Propagalion Delay Time C =45pF 18 ns
HIGH-10-LOW Level Output Ry = 66742
pz Oulput Enable Time to C_=45pF 10 &
LOW Level R, - 66742
tpzy Oulput Enable Time lo C_ =45 pF 23 s
HIGH Level R = 66742
oz Output Disable Time C =5pF 25 s
from LOW Level R =667
tpuz Output Disable Time C =5pF 18 P
from HIGH Level R_ =667
ey Propagation Delay Time Cy =150 pF 54 -
LOW-to-HIGH Level Output R =667
tpi Propagalion Delay Time C_ =150 pF 22 b
HIGH-10-LOW Level Output R = 667Q
trzL Output Enable Time to C_- 150 pF .
33 ns
LOW Level R =667
lpzH Output Enable Time lo C = 150 pF - s
HIGH Level Ry = 667¢)
3 www.fairchildsemi.com
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DM74LS244

!

Physical Dimensio NS inches (millimeters) unless otherwise noted
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20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide

www.fairchildsemi.com 4



Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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LAND PATTERN RECOMMENDATION

# PIN #1 IDENT.:

ALL LEAD TIPS

SEE DETAILA
2w (- (B[ |32 ,/-f

YA
A _ J\ g L ﬁi
_J L_ ’J L AR N 015025

DIMENSIONS ARE IN MILUMETERS ey

- GAGE PLANE
NOTES: 08¢ TYP 025
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, / ey

ESTABLISHED IN DECEMBER, 1958, %__

B. DIMENSIONS ARE IN MILLMETERS.
C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD 0.5040.15
FLASH, AND TIE BAR EXTRUSIONS. £ o 125 SEATING PLANE
—=
M20DRevB1
DETAIL A

20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M20D

www.fairchildsemi.com
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DM741L.S244 Octal 3-STATE Buffer/Line Driver/Line Receiver

1.013-1.040

PhySiCﬁl Dimensions inches (millimeters) unless otherwise noted (Continued)

0.092 ¥ 0.030 (25.73-25.42)

@33750.762)

mmmrmﬁﬂmmmrmrml

0.032+0.005

Package N

Fairchild does not assume any responsibility for use of any
Fairchild reserves the right at

LIFE SUPPORT POLICY -

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or syslems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the

user.

any time without notice to change said circuitry and specifications.

maxor NI (8] 5] [e] o] [] g 1 ©813:20.127) "\
~ ou0s RAD
0.26) Q.00
PIN ND.IIDENT—\\ @ @ o 2 PIN NO. 1 IDENT—~__
0.280 e
o OPTION 1 b=
7.12) TUJRT IO T T O ] eI e
MIN i
| 0.0%0 OPTION 2
0.300-0.320 ] eI
| TE20-8128) 0.050 NOM 0030 nn_mw?), o -— ke S
0o6s  (1529) 1.016) 47 Rx A o
.065 e Vo \i r(a.zaz 01271
(651
[ | 1\ 0.145_0200
]___H__”_J, (3683-5080)
| s se 0.009-0.015 30%0.004 I f {
0229-0381) S 1T
TYP 0.100:0.010 L_ 1 0.125-0.130  (0.508)
. 00650+0005 | | {7sa0e0zm) oomaz000 || (175-3536)  MIN
40040 as2e-pin ¢! (02857:0018) 11
0325 5945
[ +1016
(265 —o:m)

NIA RS G

20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

umber N20A

circuitry described, no circuit patent licenses are implied and

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com




SEMICONDUCTOR

DM74LS14

August 1986
Revised March 2000

Hex Inverter with Schmitt Trigger Inputs

General Description

This device contains six independent gates each of which
performs the logic INVERT function. Each input has hyster-
esis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free
output.

Ordering Code:

Order Number Package Number Package Description
DM74LS14M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS14SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS14N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001. 0.300 Wide

Devices also available in Tape and Reel, Specity by appending the suttix lefter “X- o the ordering code.

Connection Diagram

Nee A6 Yt as Ys Al Y3

Lo d o Vo TR PR
A\ W2

vi A2 v A3 Y3 Sno

Function Table

H = HIGH Logic Level
L= LOW Logic Levet

© 2000 Fairchild Semiconductor Corporation DS006353

www.fairchildsemi.com
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DM74LS14

Absolute Maximum Ratingsnote 1)

Storage

Supply Voltage v
Input Voltage 1A%
Operating Free Air Temperature Range 0'Cto +70°C

Recemmended Operating Conditions

Note 1: [he "Absolute Maximum IKitings are those va
the satety of the device cannot b
i tiese its. The g
Characteristics tables are not gu

lemperature Range -65Cto-150C

10 G OpTration

s beyond which
uaranteed. The device should not be
e velues detined in the Electncal
teed at the absolute maximum ratings.
The "Recommended Operating Conditions™ table will define the conditions

~ Symbol Paramcter Min " Nom TMax | Units |
Vee Supply Voitage 4.75 5 5.25 \
V4, Positive-Going Input Thresha!d Vo'taae (Nofo 2) 14 16 1.9 vV
V1. Negative-Going Input Threshold Voltage (Note 2) 0.5 0.8 1 \
HYS Input Hysteresis (Note 2) 0.4 0.8 v
lon HIGH Level Output Current -0.4 mA
loL LOW Levei Output Current 8 mA
A Ta Free Air Operating Temperature 0 70 o
Note 2: V(¢ - 5V.
Electrical Characteristics
—overrecommended operaling e i lempuratine: tange (unl h < — NS | W
Symbol Parameter Conditions Min 2 T Max Units
(Note 3)
\ Input Clamp Vottage Vee=Min, || =-18 mA 1) \
Vor HIGH Level Vee = Min, Iy = Max Iy S "
Oulput Voltage Vi = Max
VoL LOW Level Vee = Min, Ig = Max
Output Voltage V; = Min a s . \%
Vee=Min, Ig = 4 mA 0.25 04
I, Input Current at Vee=5V, V= Vg, -0.14 mA
Posilive-Going Threshold
b Input Current al Vee=5V, V= Vo -0.18 mA
Negative-Going Threshold
I Input Current @ Max Input Vollage Vee=Max, V= 7v 0.1 mA
Iy HIGH Level Input Current Vee = Max, V)= 2.7V 20 HA
[ LOW Level Input Current Vee = Max, V= 0.4V -04 mA
los Short Circuit Output Current Vce= Max (Note 4) -20 -100 mA
lech Supply Current with Oulputs HIGH Ve = Max 8.6 16 mA
leaL Supply Cumrent with Oulputs LOW Ve = Max 12 21 mA
Note 3: Al typicals are at Vee =5V, Ty = 25°C.
Note 4: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
atVee =5Vand Ty = 25°C
R =2kQ
Symbol Parameter C =15pF C_ = 50pF Units
Min Max Min Max
Iy Propagation Delay Time
LOW-to-HIGH Leve! Output S < 8 ® ne
(o i Propagation Delay Time
HIGH-10-LOW Level Oulput s 2 10 89 ns

www.fairchildsemi.com 2



Physical Dimensions inches (millimeters) unless otherwise noted

0.150-0.157

Bsi0-3.08)
oow0-ome
= —>
0.25a—0.508) *** ,
| 8" MAX TYP
‘. % NS
b A {
o I .
f o
. A
0.008-0.040 B i
{0.203 -0 754) fl o aoms—o0s0
TYP ALL LEADS 0.004 1 (0 406 —1 270
10 TYP ALL LEADS
ALL LEAD TIPS

F

I

0.228-0.244_

{5791-6.158)
1

0335-0.34¢
{3.509"8.738;

LEADND 1 . P
WENT Y U'
7 ?
0010 yy
(0.253)
0.053—-0.069
(1.346-7753)
| 0.004-0.010
Yo MM (S L = (0.162-0.254)
SEATING . 'v — == W L
PLANE ? 'y !
D014 i
Tas; D050 Pul . | 1014 —0.0200, v
1.270) { 10 356 0 508)
e 0 008
B i‘ 0703 "

MG A

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow

Package Number M14A

www.fairchildsemi.com
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DM74LS14

PhYSiCEI Dimensions inches (millimeters) unless otherwise noted (Continued)

(—
[
— ]

R0 00
T |

1 1 ;
AL
127Tvp ~—06TYP

LAND PATTERN RECOMMENDATION

PIN #11DENT.

1.820.1 N _,_\</
o1

‘ \J Y’
0.1£+0.05 \‘ L j

DIMENSIONS ASE IN MILLIVETZRS /

GAGE PLANE
NOTES:
QTES = 0°-8"TYP i

A. CONFORMS TO EIAJ EDR-7320 REGISTRATICN, 1

ESTABLISHED IN DECEMBER, 1938. P
B. DIMENSIONS ARE IN MILLIMETERS. 7 _[
C. DIMENSIONS ARE EXCLUSIVE CF BURRS, 1M0OLD ' 1

FLASH, AND TIE BAR EXTRUSIONS. 0.60+0.15 ’ \

i SEATING PLANE

M14DRevB 1 LS
DETAIL A

14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Numher M14D

www.fairchildsemi.com 4




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.140 -0.770
(18.30—19.55) *
0090
{2255,
— INDEX
AREA ™~~~
0.2500.010
‘O 2 {6 3501 0 754
PINNO. 1 A A Y PIN O, 1
IDENT DT LTI GI AT [ 1DENT
d
/
0092\ 0030 nax
@330 " T0763] Depin
OPTION 1 0PTION 02
0.135+0.005 i
Bestoazy) am-aan -
0.145-0.200 0060 . a0 0085
— %0 rve e 1651
{3.683—5.080) / (1.529) /'\ OPTIONAL 4' { " )
: ; |
T [ 1 - o
gy A
) i | ” 0.008-0 016
95° 150 _ 0080016 .
0.020 v ’ | 80° +47 TYP g 4 | T
0.508; e 4 ; 1% '
(HIN) ﬂs_ﬂ ‘ ' 1~ 0.075+0.015 '
T > S E
000410023 o0 | ‘ Warr |} {E112) -
0.356 ~0.584) . | SR SANS0.010 .,
! ! = n'” 125605 0.250) ' [ " A
g 0.0 +
e 2 T TV 0.040
=075 03 pars
1056
(EE »0381) ey 8

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

"LIFE SUPPORT 20LICY

FAIRCHILD'S PRODUCTS ARE NOT
DEVICES OR SYSTEMS WITHOUT
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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August 1986

FAIRCHILD Revised March 2000

SEMICONDUCTOR 7+

DM74LS08
Quad 2-Input AND Gates

General Description

This device contains four independent gates each of which
performs the logic AND function.

Ordering Code:

Order Number |Package Number Package Description
DM74LS08M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
DM74LS08SJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS08N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also available in Tape and Reel Spoecity by appending the suftix letier “X™ 10 the ordering code
Connection Diagram Function Table
Y=-AB
Ve 8¢ Ad Ya 81 a3 v3
14 1 Iw 1 Ivu ’s lu e % I Gt
A B I Y
b L I 1
L H | t
H L | L
H H | H

H = HIGH Logic Level
L = LOW tagic Level

A1 81 vi A2 g2 Y2 GND

© 2000 Fairchild Semiconductor Corporation DS006347 www. fairchildsemi.com
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DM74LS08

Absolute Maximum Ratingsnote 1)
Note 1: The “Absolute Maximum Ratings™ are those values beyond which
Supply Voltage 7V the safety of the device cannot be guaranteed. The device should not be
nput Voltage Ml M o e kol iy
Operating Free Air Temperature Range 0°C to +70°C The "Recommended Operating Conditions™ table will define the conditions
Storage Temperature Range -65C to +150°C ’ et
Recommended Operating Conditions
Symbol Parameter i Nom Max Units
Vee Supply Voltage | 5 5.25 v
Vin RIGH Level Input Voitage Y
Vi |LOWLevelinput Voltage I e, - B A
loy HIGH Level Output Current -0.4 mA
loL LOW Leve! Output Current 8 mA
Ta Free Air Operating Temperature 0 70 *C
Electrical Characteristics
over recommend2d OWmMLL rature ra 2$3 othenvisc l}(?f(.(_}rl* RN, ¢ ) TN | . Y.
Symbol Parameter ]7 Conditions r Min { ve Max " Units
(Noto 2)
Y [input Clamp Vollage: [ Vee—Min 1 g mA T RNPN N ST VO
Vioa HIGH Leval Veg— Min, 1oy - Max. o o v
Oulput Voltage Viy=Min
VoL LOW Level [fc_ Min, Ig ~ Max, Al oL
Output Voltage Vy = Max A
lg =4 mA, Voo — 1an i 0.25 I
Iy Input Current @ Max Input Voltage Vee = Max, V= 7v 0.1 mA
Iy HIGH Level Input Current Vee = Max, V= 2.7V 20 A
e LOW Level Input Current Vee = Max, V= 0.4V -0.36 mA
los Short Circuit Oulput Current Vee = Max (Nole 3) -20 -100 mA
leen Supply Current with Outputs HIGH Vee = Max 24 48 mA
lccL Supply Current with Outputs LOW Vee = Max 4.4 88 mA
Switching Characteristics
alVeec =5Vand Ty = 25°C
R =2kQ
Symbol Parameter C - 15pF I C_ =50 pF Units
Min Max Min Max
oLy Propagation Delay Time
LOW-to-HIGH Level Output 4 13 R z ns
pHL Propagalion Delay Time i
HIGH-to-LOW Level Output i & 5 13 s
Note 2: All typicals are at Vec =5V, Ty =25°C.
Note 3: Not more than one output should be shoded ata time, and the duration should not exceed one second.

www.fairchildsemi.com 2



Physical Dimensions inches (millimeters) unless otherwise noted

0335-0.34¢
r {509 - ¢ 738)
!

.

|
|

1312 n 10 9

A AAAGEE

2280204 )
BISI-6.1%8) f . e
1 ] TP
S -
- o
LEAOND 1~ o
e v UG T U
"2 3 &4 5§ 1 I
0010 jyax
(0 253)
o1s0-0.157
{3.810-3.989)
0010-0.020 . 0.053-0.069.
10.254—0.508) %" {1.346-1753)
87 MAX TYP [} 0.004 —0.010
ALL LEADS b Y —  (0.102-0.25¢)
t—h_ | I D === T I
1 ’ - ‘r» PLANE T A I “ f
i
0.008-0.010 i i LLICR, i ;
ety = 3 014 -0.020
(0.203-0.259) ! 0.016—0.050 W3E o ~— — L—m e
TYP ALL LEADS 0.004 | = (0w —1.210) e 0 008 o
0102 TYP ALL LEADS >‘1< o 'Y
ALL LEAD TIPg e e

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
Package Number M14A

www.fairchildsemi.com
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DM74LS08

10.240.1

1ATYP —f f——
14

ALLLEAD TIPS

1.8+0.1

ISTbimis

! {
! 0.1££0.05
1277YP

—
b

DIMENSIONS ASE IN MILLINETZRS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,
ESTABLISHED IN DECEMBER, 136,

B. DIMENSIONS ARE IN MILUMETERS,

C. DIMENSIONS ARE EXCLUSIVE GF BURRS, MOLD
FLASH, AND TIE BAR EXTRUSIONS,

M14DRevB1

R &

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

—
I
=
]

_L KM TYP

927 TYR

L
T |
00"
W L TN

LAND PATTERN RECOMMENDATION

[X]

——— SFEDFTAI A

X,k
7
\\ // a1 5~ozsj

|

~ Fve

/
- GAGE PLANE
{025
¢! s o N

0°-8*TYP

125 SEATING PLANE

DETAIL A

14-Lead Small Qutline Package (SOP), EIAJ TYPE I, 5.3mm Wide
Package Number M14D

www.fairchildsemi.com 4




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740-0.770
A -
~ (18.80—19.56) l
0.090
‘ —] ;4«!—2—“75—:
Hnlnlcinicializl ot
i AREA T S~
: (D 0.250 4 0.010
(6.350 10,254
/'O A v PIN ND. 1 :
PIN NO. 1 AR i
IDENT ™ [ RBEE RG] 1ENT
7
0.092 U030 fdAx ’
{2337) " T0762) DerTH
OPTION 1 OPTION 02
0135 +0.005 0.300-0.320
(3429500127 7620 - 8.128] <
0.145-0.200 ! 0.060 ! ' L
$43720.200 — e 2 gy <. & TYe > ey
{3663 —5.080) | ] {i57a) A ormoka ( ; ]
o i . . A
A i ‘
ah 4| ) I
- = i 1
! A 1T | [ | i ol -8 \_‘ 0.008-0016 |,
Eg._:% ! U i ;u/ﬂ;u" e [ AP“‘J, (0.203 0 408)
5 25 , i i )
My 0125000 g e 0.07520.015 I P
(3.175-3 810) el T 31:2') ]
" { il (7 -
0.014--0.023 i i j !
10.35€ —0.504) i f= i — 0.100: 0.0y . bl
= | ' (2.56020.254) e o 2 >
oA L0001 ~0.030
(1.210 - 0.254) _9 st ~0015
(, +1.016)
(82557 51 v, A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herain:

1. Life support devices or systems are devices or systems

2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the

device or system whose failure to perform can be rea-

body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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AD7520, AD7521

intergjf,

10-Bit, 12-Bit, Multiplying D/A Converters Features

The AD7520 and AD7521 are monolithic, high accuracy, low * AD7520, 10-Bit Resolution; 8-Bit Linearity
cost 10-bit and 12-bit resolution, multiplying digital-to-analog

* AD7521, 12-Bit Resolution; 10-Bit Lineari
converters (DAC). Intersil's thin-film on CMOS processing b

gives up to 10-bit accuracy with TTL/CMOS compatible * Low Power Dissipation (Max)................. 20mwW
operation. Digital inpuls are {ully protected against stalic * Low Nonlinearity Tempco at 2ppm of FSR/OC
discharge by diodes lo ground and positive supply.

* Current Settling Time t0 0.05% of FSR ... ... .. .. 1.0us
Typical applications include digital/analog interfacing,

* Supply Voltage Range ............ .. ... =5V 10 +15V

multiplication and division, programmable power supplies,
CRT character generation, digitally controlled gain circuits, * TTL/CMOS Compatible

integrators and attenuators, etc. ~ :
g = Fuil input Static Proteciion

Ordering Information

| { TEMP. | j
PART | LINEARITY | RANGE . | PKG.

I i %
NUMBER | (INL,DNL) .= (°C)  PACKAGE  NO.

Lo {

{AD7520JN 1 0.2% (8-Bit) | 01070 |16 Ld PDIP |E16.3
AD7S2ILN 1 005% (10- | 01070 '1aLapoip E1a3
‘ ‘ Bit) ! i !
Pinouts
AD7520 (PDIP) AD7521 (PDIP)
TOP VIEW TOP VIEW
RY;
TS louTt E E RFEEDBACK
louTtt E E] Rreepsack
louT2 E E VREF

louT2 E E VReg
ano [3] ] v ano [3] [16] v+

BIT 1 (sB) 4] 73] 817 10 (LSB) BIT 1 (MsB) [4] 15] BIT 12 (LSB)
BT 2 5] 2] BiT 9 BT 2 5] [14] 817 11
BT 3 [6] 1] BiT s B3 [6] [13] 87 10
BIT 4 [7] 10] BIT 7 BT 4 [7] 2] Brr g
BT 5 [8 BEW BIT5 [8] ] ems

BIT 6 [9] 0] BIT 7

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 321-724-7143 | intersit (and design) is a trademark of Intersil Americas Inc.
Copyright © Intersil Americas Inc. 2002. All Rights Reserved



AD7520, AD7521

Absolute Maximum Ratings

Supply Voltage (V+ to GND)

VREF
Digital Input Voltage Range .

Output Voltage Compliance .

Operating Conditions

Temperature Ranges
JN, LN Versions

0°C to 70°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is

Thermal Information

Thermal Resistance (Typical, Note 1) 0,4 (°C/W) 0yc (°Cmw)
16 Ld PDIP Package 95 N/A
18 Ld PDIP Package 80 N/A
Maximum Junction Temperature (Plastic Packages) .......150°C
Maximum Storage Temperature Range. . ... ... .. -65°C t0 150°C
Maximum Lead Temperature (Soldering 10s) . ... ....... .. 300°C

a stress only rating and operation of the

device at these or any other conditions above those indica ted in the operational sections of this specification is not implied.

The digital control inputs are zener protected; however,

in conductive foam at all times.

permanent damage may occur on unconnected units under high energy electrostatic fields. Keep unused units

Do not apply voltages hugher than Vpp or less than GND potential on any terminal except Vpgr and REEEDBACK:

1. 6y is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications v+ = +15v, VREF

= +10V, T = 25°C Unless Otherwise Specified

T

1 [ AD7520 ' AD7521 7
PARAMETER l TESTCONDIMIONS  "miN [ Tvp MAX [ miNn [ Tvp MAX | UNITS
SYSTEM PERFORMANCE (Note 2)
Resoluion [ 10 10 10 | 12 12 12 Bits
Nonlinearity J (Note 3) (Figure 2) - - +0.2 » - - - % of
{10V = VRgg = +10V | (8-Bit) | l FSR
L |-10V s Vg = +10V Ve ) 005 | - - | +0.05 % of
(Figure 2) (10-Bit) (10-Bit) FSR
Nonlinearity Tempco -10V = VRgg s +10V s d +2 ; - - +2 ppm of
(Notes 3, 4) i ' FSR/C
Gain Error - +0.3 R 03 | - % of
[ f FSR
Gain Error Tempco i - +10 ; - - +10 ppm of
i ; FSRC
Output Leakage Current Over the Specified | (K - 2200 I - - +200 nA
(Either Output) i Temperature Range ! ll ; ] ! !
e et e 1 L Sl L SENIT I 1Al - o .1 %W T S SECEREES SH
DYNAMIC CHARACTERISTICS
Output Current Settling Time {To 0.05% of FSR (All Digital ‘ 5 1.0 { - | A 19° ¥ F- T
‘Inputs Low To High And High : | | ! !
| To Low) (Note 4) (Figure7) | 3 ! ! ! I
Feedthrough Error VR = 20Vp.p, 100kH2 (o) N BTG I Yy / SETEE T
'All Digital Inputs Low (Note 4) | | ! I | |
...... —______ ligweq) | | | N | | |
REFERENCE INPUT He., o v AN T
Input Resistance " All Digital Inputs High DHd.. 10 LN 5 10 T 20 T g 1
L _____ llourratGround NN, &/ dJ | ! ; 1 ’ !
ANALOG OUTPUT — T !
Output Capacitance louT1 fAH Digital tr.1puts High ' -] 200 : - Do 200 I - ! pF 1
louTs | (Note 4) (Figure 5) e 75 i N L— 75 i .- !
lout1 | All Digital Inputs Low 75 : - B 75 T pF ™
Note 4) (Fi ' !
_____ loyrs;MNote4) (Figures) R N R R
Output Noise 1 Both Outpgts |- Equivalent i - - Equivalent | - { Johnson |
) o ; (Np}e_ 4) (Flgurve 4) i to 10kQ | | 1010kQ Noise
DIGITAL INPUTS ' ' T
Low State Threshold, V . Overthe Specified | . - Tos B 08 1 v
High State Threshold, Vig i Temperature Range 54 ' ; T sy | - ,T o =
o & Vin = 0V or +15V i - ST —_—
NP v,,.ur.rgn}'.I'L',l!H § ‘ R - ! T +1 i } = +1 i HA i
nputCoding ''See Tables 1 and 2 Binary/Offset Binary 1|

o



AD7520, AD7521

Electrical Specifications v+ =+15v, VREF = +10V Ta = 25°C Unless Otherwise Specmcd (Contmued)

| | AD7520 i AD7S21 |
PARAMETER | TEST CONDITIONS [ MIN | TYP | MAX | MIN | TYP | MAX | UNITS

POWER SUPPLY CHARACTERISTICS

Power Supply Rejection |V+=145Vt0 155V I

l (Note 3) (Figure 3) |

| |
Power Supply Voltage Range i | +510 +15
I+ | Al Digital Inputs at OV or v+ | - 1
|
|

- 0005 [ - | . 0005 | - T o
l | | | FSR/%
| | | IAV+
| +5 to +15 | \"
- - 1
i

| Excluding Ladder Network

| All Digital Inputs High or Low
l Excluding Ladder Network

Total Power Diesipalion llncludlng the Ladder Network | . ‘ 20
NOTES: - S R
2. Full Scale Range (FSR) is 10V for Unipolar and =10V for Bipolar modes.

3. Using internal feedback resistor RFEEDBACK -

4. Guaranteed by design, or characterization and not production tested.

] T
| l !

o N N I 2 | maA
| N
| |

S 0 s P

5. Accuracy not guaranteed unless outputs at GND potential.
6. Accuracy is tested and guaranteed at V+ = 15V only.

Functional Diagram

VREF 10kQ 10kQ 10kQ 10k

20kQ 20kQ 20kQ 20kQ
— GND

SPDT NMOS
SWITCHES

¢—o
—o

I — louT2

1
1
1
1
i [ ———9-louT)
m3 RFEEDBACK

10kQ

1
1
1
1
)
NOTES: MS|

Switches shown for Digital Inputs “High”.
Resistor values are typical.

Pin Descriptions

AD7520 | AD7521 | PINNAME | T _DESCRPTION T j

1 louT1 lCurrent QOut summing junction of the R2R ladder network. i
2 louTt2 | Current Out virtual ground, return path for the R2R ladder network. !
3 GND ‘ ' Digital Ground. Ground potential for digital side of D/A. :
4

5

‘a.tsuMSB) Most Significant Digital Data Bit !

Bit 2 Dlgnal Bit 2.
|i Bit 3 Dlgllal Bit 3.
' Bit 4 | Dlgllal Bit 4.

| oo Njo

|
8 179 gnlal it6.
0 Ty 1T "ngTtaléTn
11 i 11 ; i  Digital Bit 8.
12 12 i Bit 9 , Digital Bit 9. i
13 o , B 13 | Blth N ,Dlgnal Bit 10 (AD7521). Leeet Slgmflcam Dlgltal Data Blt (AD7520) i
- ! 14 i Bit 11 Dlgltal Bit 11 (AD7521) |
E ! 15 i Bit 12 ' Least Significant Digital Data Bit (AD7521). !
14 ? 16 ! V+ ‘: Power Supply +5V to +15V. :

B B T e i i "
) ;A15 - 7?_17 e VREF Voltage Reference Inpul to set 'he output range. Supplles the R2R resnstor lacder

RFEEDBACK ' Feedback realctor used lor the currenl to voltage convers;on when usmg an external
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Definition of Terms

Nonlinearity: Error contributed by deviation of the DAC
transter function from a “best straight line” through the actual
plot of transfer function. Normally expressed as a
percentage of full scale range orin (sub)multiples of 1 LSB.

Resolution: It is addressing the smallest distinct analog
output change that a D/A converter can produce. It is
commonly expressed as the number of converter bits. A
converter with resolution of N bits can resolve output changes
of 2Nof the full-scale range, e.g., oH VReF for a unipolar
conversion. Resolution by no means implies linearity.

Settling Time: Time required for the output of a DAC to
settle to within specified error band around its final value
(e.g., 1/2 LSB) for a given digital input change, i.e., all digital
inputs LOW to HIGH and HIGH to LOW.

Gain Error: The difference between actual and ideal analog
output values at full scale range, i.e., all digital inputs at
HIGH state. It is expressed as a percentage of full scale
range orin (sub)multiples of 1 LSB.

Feedthrough Error: Error caused by capacitive coupling
from VRgF to oyt with all digital inputs LOW.

Output Capacitance: Capacitance from louTt and loyTo
terminals to ground.

Output Leakage Current: Current which appears on lgyT4
terminal when all digital inputs are LOW or on louTs
terminal when all digital inputs are HIGH.

Detailed Description

The AD7520 and AD7521 are monolithic, multiplying D/A
converters. A highly stable thin film R-2R resistor ladder
network and NMOS SPDT switches form the basis of the
converter circuit, CMOS level shifters permit low power
TTL/CMOS compatible operation. An external voltage or

current reference and an operational amplifier are all that is
required for most voltage output applications.

A simplified equivalent circuit of the DAC is shown in the
Functional Diagram. The NMOS SPDT switches steer the

‘ladder leg currents between loyT1 and louT2 buses which

must be held either at ground potential. This configuration
maintains a constant current in each ladder leg independent
of the input code.

Converter errors are further reduced by using separate
metal interconnections between the major bits and the
oulputs. Use of high threshold switches reduce ofiset
(leakage) errors to a negligible level.

The level shifter circuits are comprised of three inverters with
positive feedback from the output of the second to the first, see
Figure 1.This configuration results in TTL/CMOS compatible
operation over the full military temperature range. With the
ladder SPDT switches driven by the level shifter, each switch is
binarily weighted for an ON resistance proportional to the
respective ladder leg current. This assures a constant voltage
drop across each switch, creating equipotential terminations for
the 2R ladder resistors and highly accurate leg currents.

V+ o 4
13 ET
;‘{ ¢ 5 70 LADDER
]
’ TT =
d
DTLATL
CMOS INPUT 2 '{ o fﬁt—{
: _T_ ‘ lout2 loutt

FIGURE 1. CMOS LEVEL SHIFTER AND SWITCH

Test Circuits The following test circuits apply for the AD7520. Similar circuits are used for the AD7521.

VREF +15V
BIT 1 _l |

(MSB) a 15 15 RFEEDBACK
10-BIT s 1]louT
BINARY [ = |
AD7520
COUNTER] | 1511 10 - .

s 133 2 lou
LSB)

_] nn GND"':‘ 1
CLOCK =

Vv
BIT 1 YREF
(MSB) _,

12-BIT
———

BIT 10| REFERENCE
BIT 11 DAC =

<&
10kQ 0.01% 3

LINEARITY

BIT 12

l—

FIGURE 2. NONLINEARITY

VREF

+15v UNGROUNDED
SINE WAVE
:E GENERATOR
40Hz 1Vp_p 500k
+10v 5K 0.01%
BIT 1 5kQ 0.01%
MSB) [15 14 JRreepBack

VERROR X100

12 1 liours

BN PR

BIT 10 ! :‘:7520
(LsB) 3 2

GNDi—

FIGURE 3. POWER SUPPLY REJECTION

4 intergjjy
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Test Circuits The following test circuits apply for the AD7520. Similar circuits are used for the AD7521. {Continued)

+11V (ADJUST FOR Voyr = 0V)

+15V
1K
f=1kHz
BW=1Hz
10k
154F 15 14 Jloyre 1009
T PR QUAN
— 5 TECH
MODEL 134D
1 | AD7520 WAVE
133 1 ANALYZER
FIGURE 4. NOISE
VREF = 20Vp,p +5V
100kHz SINE WAVE
BT1(MSB) {15 14
—>} 4 16
. —f5
! AD7520
1 1
1 5 " louTt2 Vout
o 3 |2
BIT 10 (LSB)
Ty

FIGURE 6. FEEDTHROUGH ERROR

Applications

Unipolar Binary Operation

The circuit configuration for operating the AD7520 in
unipolar mode is shown in Figure 8. Similar circuits can be
used for AD7521. With positive and negative Vgep values
the circuit is capable of 2-Quadrant multiplication. The Digital
Input Code/Analog Output Value table for unipolar mode is
given in Table 1.

+15V
VREF

BIT1(MsB) [ 15 14 | g
(MSB) . b FEEDBACK
Or——si5s louTy
DIGITAL ! AD7520 |
INPUT

Vour
louT2

13 3 2
= |

FIGURE 8. UNIPOLAR BINARY OPERATION (2-QUADRANT
MULTIPLICATION)

Ot
BIT 10 (LSB)

NC +15Vv

%
-
o0
<

BIT1(MSB) |15 14
»f 4 16 NC

—>

- AD7520 1kQ
[
1

— 3 2
P < TMHz
BIT 10 (LSB) l J—

FIGURE 5. OUTPUT CAPACITANCE

5t: 1% SETTLING (1mV)
EXTRAPOLATE 8t: 0.03% SETTLING

t= RISETIME
VRer +15V

+10V '

Bmi1(msB) {15 14

4
+5V p sls
ov JLILILY AD7520 | +100mv_/7\_/7\ _SCOPE

N :
DIGITAL i )
INPUT 13 3 2}0OUT2 \
BIT 10 (LSB) 1000
oo

FIGURE 7. OUTPUT CURRENT SETTLING TIME

TABLE 1. CODE TABLE - UNIPOLAR BINARY OPERATION

(=}

|
[ 0000000000 |

; DIGITAL INPUT | ANALOG OUTPUT |
| 1111111111 -Vaee (1-2Ny -*
P ks = To~ i i————
| 1000000001 | Vaer (24 2N |
| 1000000000 [-VReF/2 i
‘ 0111111111 I-VRer (102N ‘
,‘ 0000000001 -Veee @N) |
NOTES:

1.LsB=2Nyge.

2. N =8 for 7520
N =10 for 7521.

Zero Offset Adjustment
1. Connect all digital inputs to GND.

2. Adjust the offset zero adjust trimpot of the output
operational amplifier for OV at Vour-

Gain Adjustment
1. Connect all digital inputs to V+.

2. Monitor Vour fora -VREF (1-2'N) reading. (N = 8 for
AD7520 and N = 10 for AD7521).

5| dmtensyy .
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3. To decrease Voyr, connect a series resistor (0 to 250Q)
between the reference voltage and the VRgp terminal.

4. To increase VouT, connect a series resistor {0to 250Q)
in the loyTy amplifier feedback loop.

Bipolar (Offset Binary) Operation

The circuit configuration for operating the AD7520 in the
bipolar mode is given in Figure 9. Similar circuits can be
used for AD7521. Using offset binary digital input codes
and positive and negative reference voltage values,
4-Quadrant multiplication can be realized. The “Digital Input
Code/Analog Output Value” table for bipolar mode is given
in Table 2.

+15V R3
VREF—¢ VW
BIT 1 10MQ
(MSB) | 15 14 | Regeppack
o—i 4 16
- O} 5 IQUT1
E5 1 laprsz ab
gg ' o lou R1 10K [R2 10K '8-
o—=—13 3 2 1" N\0.01% | 0.01% b =
BIT 10
(LSB)
L ,
FIGURES. BIPOLAR OPERATION (4-QUADRANT
MULTIPLICATION)
TABLE 2. BIPOLAR (OFFSET BINARY) CODE TABLE
{- DIGITAL INPUT ANALOG OUTPUT
1111111111 “VRer (1-2-(N-1))
1000000001 VRer (@ N-1))
A el Y Yy |
1000000000 0
0111111111 Veee N0 T

0000000001

J VRer (12 (N1)
| 0000000000

(VREF
NOTES:

1S =2 N1y 2. N = 8 for 7520
N = 10 for 7521,

A*Logic 1”input at any digital input forces the corresponding
ladder switch to steer the bit current to IOUT1 bus. A “Logic 0"
input forces the bit current to IOUT2 bus. For any code the
IOUT1 and IOUT2 bus currents are complements of one

. another. The current amplifier at IQUT2 changes the polarity

of IOUT2 current and the transconductance amplifier at
IOUT1 output sums the two currents. This configuration
doubles the output range. The difference current resulting
at zero offset binary code, (MSB = “Logic 1", all other

bits = “Logic 0"), is corrected by using an external resistor,
(10MW), from VREF to IOUT2.

Offset Adjustment
1. Adjust VRgf to approximately +10V.
2. Connect all digital inputs to “Logic 1%

3. AdjustlgyTo amplifier offset adjusttrimpotfor OV =1mV at
louT2 amplifier output.

4. Connect MSB (Bit 1) to “Logic 1"and all other bits to
“Logic 0.
5. Adjust IgyT4 amplifier offset adjust trimpot for OV +1mV
atVoyr.
Gain Adjustment
1. Connect all digital inputs to V+.

2. MonitorVoyrfora -Vrer (1-2-N1) voits reading. (N = 8 for
AD7520, and N = 10 for AD7521.).

3. Toincrease Vo, connect a series resistor of upto 250Q
between Vo1 and RFEEDBACK-

4. Todecrease Vo, connect a series resister of upto 250Q
between the reference voltage and the VRgr terminal.

\ﬂN
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Die Characteristics
DIE DIMENSIONS:

101 mils x 103 mils (2565um x 2616um)
METALLIZATION:

Type: Pure Aluminum
Thickness: 10 «1kA

Metallization Mask Layout

PIN7

e
@ﬂ
il

'L

PASSIVATION:

Type: PSG/Nitride
PSG: 7 +1.4kA
Nitride: 8 +1.2kA

PROCESS:
CMOS Metal Gate

AD7520

PIN 6 PIN 5
BIT 3

PIN 4
BIT 1
(MSB)

N=" I unm HHHH
s -f- o ‘
L f___,--i L, e
o --.:.rf_.—__r-_mf"'"ht—?, o
u:msasc; s . e
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Die Characteristics

DIE DIMENSIONS: PASSIVATION:
101 mils x 103 mils (2565um x 2616ym) Type: PSG/TXide
PSG:7 +1.4
METALLIZATION: Nitride: 8 =1.2kA
Type: Pure Aluminum
Thickness: 10 «1kA PROCESS:

CMOS Metal Gate

Metallization Mask Layout

AD7521
PIN 4
PIN7 PIN 6 PINS BIT 1
BIT 4 BIT 3 BIT 2 (MSB)
PIN 3
GND
PIN 2
PIN8 lour2
BITS
PIN 1
loyT1

H400 (@ ser TISAIINI i s e

PIN9
BIT6
PIN 10
BIT7

PIN18

. | | C— ] r '__r )\ T\J° | RFEEDBACK
T e, =Y
L s i ltL‘lSjﬁ_r

PIN16
V+

==~k
PIN 13 PIN 15
BIT 10 BIT 12
(LSB)

8 intergij
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Dual-in-Line Plastic Packages (PDIP)

N f
E1
INDEX
—=pPl1 2 3 N/2
AREA o

BASE e
PLANE A2
\ A [clv i“
SEATING - *
PLANE li '
D1_>l!i I | [~ i
B1 » <H »,E.‘J.-a- epe
B —»| |-
t]o.010 ©25@[c]a [e®]
NOTES:

1. Controlling Dimensions: INCH. In case of conflict between English and
Metric dimensions, the inch dimensions control,

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Symbols are defined in the “MO Series Symbol List" in Section 2.2 of
Publication No. 95.

4. Dimensions A, A1 and L are measured with the package seated in JE-
DEC seating plane gauge GS-3.

5. D, D1, and E1 dimensions do not include mold flash or protrusions.
Mold flash or protrusions shail not exceed 0.010 inch (0.25mm).

6. Eand @ are measured with the leads constrained to be perpendic-
ular to datum @

7. egand ec are measured at the lead tips with the leads unconstrained.
€c must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dambar
protrusions shall not exceed 0.010 inch (0.25mm).

9. Nis the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E1 8.3, E28.3,

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76-1.14mm).

E16.3 (JEDEC MS-001-BB ISSUE D)
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE

r | INCHES MILLIMETERS | ;
[SYMBOL | MIN | MAX | MIN MAX | NOTES ;
A T 0210 © . T 533 | 4
a5 ! ‘
Y WT 0.115 ‘7 E
. B 0014
BT 0045 | 0070 11y

C 0.008 i 0.014 0204

D ' o7as ! 0775 1366 1968 s
—, : 0.005 : : 0.13 ; 5
, B, 0300, 0325 762 | 825 6
| EY | 0240 0280 610 | 711 | 8§
|1/ 717 0100 85NN~ .84 BS6 = 1
TFWW
I L M W
L 015 0150 283, 31 | 4
| BN 16 ; 16 9

Rev. 012/93

M
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Dual-In-Line Plastic Packages (PDIP)

2 oy — E18.3 (EDeC Ms-001-BC ISSUE D)

18 LEAD DUAL-IN-LINE PLASTIC PACKAGE
‘AreA — ¥ N2 | | INCHES | MILLIMETERS | |
FER T e | SYMBOL | MIN T MAX | RMIN T mAx | NOTES |

I

Al T o0 {533 | 4 ]
H«—\D\»; I T N
BASE A2 015 0495 ' 293 4 L
PLANE T eee—— T —_—l )
— | B | 0014, 0022 , 0356 [ 0858 .
PLANE | BT | 0045 0070 | 115 i 177 | g 19 |
i rmnen By sesg : i
D1-» ' ¢ 1 00087 00141 0204 ' 0355 | .
prx L o bl o s 0880 | 2147 T 255 |
= <_0010(025)@]0[/&!!3@' ‘s ] D1 | 0005 - j 013
. | 0300 | 0.325 | 762 82
NOTES: , 0240 | 0280 | 6.10
1. Controlling Dimensions: INCH. In case of conflict between English and Y4 Tt | 2
Metric dimensions, the inch dimensions control. e | 0.100 BSC T’ 2.54 BSC ! -

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 0»30(3 FS_C¥_fh*7i2 B‘—SE~~J WG__Mi

3. Symbols are defined in the “MO Series Symbol List" in Section 2.2 of eg i - : 0.430 | - ! 10.92 ; 7 j
Publication No. 5. ; fy 0115 | 0150 | 293 | 381 | 3

4. Dimensions A, A1 and L are measured with the package seated in l , ' ! [ ! I
JEDEC seating plane gauge GS-3. ‘ N J 18 I 18 9

5. D, D1, and E1 dimensions do notinclude mold flash or protrusions. Rev. 0 12/93

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

6. Eand are measured with the leads constrainedto be perpendic-
ular to datum .

7. egand ec are Mmeasured at the lead tips with the leads unconstrained.
€c mugt be zero or greater,

8. B1 maximum dimensions do not include dambar protrusions. Dambar
protrusions shall not exceed 0.010 inch (0.25mm).

9. Nis the maximum number of terminal positions.

10. Corner leads (1.N,N/2and N/2 + 1) for E8.3, E16.3. E1 8.3, E28.3,

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

All Intersil U.S. products are manufactured, assembled and tested utilizing 1SO9000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.coanesign/quality
Intersil ;5}5&;;&;;Fé"s"oia'bﬁeis'&;p}}c;n only. Intersil Corporation reserves the nght to make changes in Girouit design, software andor specifications at any time without
notice, Accordingly, the reader is cautioned to verify that data sheets are current before placing orders, Information furnisheq by Intersil is believed to be accurate and

reliable. However, no responsibility is assumed by Intersil or jts subsidiaries for its use; nor for any infringements of patents or other rights of thirg parties which may result
from its use, No license is granteq by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.
i _—

G B 5 i " “%\*“‘—\\
For iniormation regarding Intersi| Corporation and its products, see www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE ASIA

Intersil Corporation Intersil Corporation Intersil Europe Sar Intersil Corporation

7585 Irvine Center Drive 2401 Palm Bay Rd. Ave. William Graisse, 3 Unit 1804 18/F Guangdong Water Building
Suite 100 Palm Bay, FL 32905 1006 Lausanne 83 Austin Road

Irvine, CA 92618 TEL: (321) 724-7000 Switzerland TST, Kowloon Hong Kong

TEL: (949) 341-7000 FAX: (321) 724-7946 TEL: +41 21 6140560 TEL: +852 2723 6339

FAX: (949) 341-7123 FAX: +41 21 6140579 FAX: +852 2730 1433
—_— =
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NNational Semiconduclor

10-Bit yP Compatible A/D Converter

General Description Features

The ADC1005 is a CMOS 10-bit successive approximation ~ ® Easy inlerface (o all microprocessors

A/D converler. The 20-pin ADC1005 oulputs 10-bildataina m Differential analog voltage inputs

wo-byte format for interface with 8-hit microprocessors. ® Operates raliometrically or with 5 Vpc vollage reference

The ADC1005 has differential inputs to permit rejection of or analog span adjusled vollage reference

common-mode signals, allow the analog input range to be =& QV to 5V analog input voltage range with single 5V

offset, and also to permil the conversion of signals not supply

referred to ground. In addition, the reference voltage can be u On-chip clock gencrator

adjusted, allowing smaller vollage spans to be measured = TLL/MOS inputioutput compatible

with 10-bit resolution. ® 0.3" standard width 20-pin DIP
Key Specifications
® Resolution 10 bits
B Linearity Error *V2LSB and #1 LSB
® Conversion Time . 50 ps

_ b F ) i N

Connection Diagram

ADC 1005 (for an 8—bit data bus)
Dual-In-Line Package

Al / A
es—1 20— Vo
RD—2 19f—CLKR
WR—3 18— BiT2(0
CLKIN—{4 17— BIT3|0
INTR—{5 16— BIT4|0
ViNg+) —16 15f— BTS |0
VIN(-)— 7 14— BIT6 0
AGND—{8 13—~ BT7]0
Veer—{9 12f— BIT8 | BIT0 (LSB)
DGND—{10 11j—(MSB)BITS | BIT {
S PN
1STBYTE | 2ND BYTE
08005261-1
Top View

19L8AUOD /v sjqnedwog gl Hg-0L sooLoQyv

Ordering Information

Part Number Package Temperature Linearity
Outline Range Error

ADC1005BCJ-1| J20A 0Clo +70°C %2 LSB
ADC1005BCJ J20A | -40°C to +85°C
ADC1005CCJ-1| J20A 0°C to +70°C *1LSB
ADC1005CCJ J20A | -40°C to +85°C ]

|

© 2001 National Semiconductor Corporation DS005261 Www.national.com



ADC1005

rAbsolute Maximum Ratings (notes 1 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V) 6.5V
Logic Control Inputs -0.3V to +15V
Voltage at Other Inputs and Oulputs  -0.3V to Vee +0.3V
Input Current Per Pin *5 mA
Input Current Per Package 20 mA
Storage Temperature Range -65°C to +150°C
Package Dissipation at Ta=25C 875 mw

Lead Temperature
(Soldering, 10 seconds)

Electrical Characteristics
The following specifications apply for Vg = 5V, Vrer = 5V, fo

Dual-In-Line Package (Ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°'C
ESD Susceptibility (Note 8) 800V
Operating Ratings (Notes 1. 2)
Supply Voltage (Vee) 4.5V to 6.0V
Temperature Range TUNSTAST jax
ADC1005BCJ. ADC1005GCY -40°C<T,<+85°C

ADC1005BCJ-1, ADC1005CCJ-1

= 1.8 MHz unless otherwise specified. Boldface limits apply

Converter Characteristics

Linearity Error (Note 3)

(Note 6) | (Note 7)

from Ty, to Tmax; All other limils Ta = T,=25C.
Parameter Conditions ADC1005BCJ ADC1005BCJ-1, Limit
ADC1005CCJ ADC1005CCJ-1 Units
Typ Tested Design Typ Tested
(Note 5) Limit Limit (Note 5) Limit

ADC1005BCJ

ADC1005BCJ-1

ADC1005CCy

ADC1005CCJ-1. cCvV I

Zeto Eror [

ADC1005BCJ LSB

ADC1005BC.J-1 05 *05 LSB

ADC1005CCJ *1 I LSB

ADC1005CCJ-1, CCV +1 *1 LSB

Fullscale Error “

ADC1005BCJ 0.5 LSB

ADC1005BCJ-1 045 *05 LSB

ADC1005CCJ ot LSB

ADC1005CCJ-1, cCV +1 *4 LSB

Reference MIN | 48 24 2.2 k2

Input MAX 4.8 7.6 8.3 kO

Resistance —_ ]

Common-Mode MIN Vee+0.05 Vect0.05 | v

Input (Note 4) MAX|  Vig(+) or V(=) GND-0.05 GND-0.05 | GND-0.05 | v

DC Common-Mode Over ty +1, L1 . .
Common-Mode - = =4 el LeB

Error Input Range

Power Supply Sensitivity | Voo=5 v, _25% +% v, +Y +v % | LsB
Vier = 4.75V

www.national.com 2



Electrical Characteristics (Continued)

The following specifications apply for Ve = 5V, Vg = 5V, feik = 1.8 MHz unless otherwise specified. Boldface limits apply
from Ty, to Tyax; All other limits Ta=T;=25C.

Parameter Conditions ADC1005BCJ ADC1005BCJ-1, !ljlnr:;lst
ADC1005CCJ ADC1005CCJ-1
Typ Tested Design Typ Tested Design
(Note 5) Limit Limit (Note 5) Limit Limit
(Note 6) (Note 7) (Note 6) (Note 7)
DC Characteristics
Vingry Logical “1” Input Vee=5.25V 2.0 2.0 2.0 \4
Voltage MIN | (except CLK,, )
Vinoy Logical “0” Input Vee=4.75V 0.8 0.8 0.8 \
Voltage MAX| (Except CLK;y )
lin Logical “1" Input Vin=5.0vV 0.005 1 0.005 o1 1 pA
Current MAX
I, Logical “0” Input Vin=0Vv -0.005 -1 -0.005 -1 -1 pA
Current MAX
Vreming: Minimum CLKy
Positive going Threshold 3.1 27 3.1 Pa 2.7 v
Voltage
' Vrmax), Maximum CLK,y
Posilive going Threshold 3.1 3.5 ] 3.5 3.5 Vv
Voltage
V-,--(M,N), Minimum CLK,,
Negative going Threshold 1.8 ES 1.8 1.5 1.9 Vv
Voltage
VT,_(M,\X,, Maximum CLK
Negative going Threshold 1.8 2.1 1.8 v 24 \Y
Voltage
Vg, Minimum CLKy 1.3 0.6 1.3 0.6 0.6 \Y
Hysteresis (Vr,-Vrl)
Vimax), Maximum CLK,, 13 2.0 1.3 2.0 2.0 v
Hysteresis (Vr,-Vi)
Vour), Logical “17 Vee=4.75V
Output Voltage MIN | loyr=-360 pA 2.4 28 24 \Y
lour=-10 pA 4.5 4.6 4.5 v
/out(oy, Logical “0” Vee=4.75V 0.4 0.34 0.4 v
Dutput Voltage MAX| loyr=1.6 mA
ouTs TRI-STATE Output Vour = 0V -0.01 =3 -0.01 -0.3 -3 HA
urrent MAX| Vqur = 5V 0.01 3 0.01 0.3 3 LA
source, Output Source Vour=0v -14 -6.5 -14 =75 -6.5 mA
urrent MIN
vk, Output Sink Vour=5V 16 8.0 16 9.0 8.0 mA
urrent MIN
c: Supply Current  MAX[ fop =18 MHz | 73 #\TTTW
CS =*1 ‘}

3 www.nationai.com
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ADC1005

loading.
Note 5: Typicals are al 25°C and represent most likely paramelric norm.
Note 6: Tested and guaranteed to National's AOQL (Average Outgoing Quality Level),

Note 8: Human body model, 100 pF discharged through a 1.5 kQ resistor.

an absolute 0 Vpe to 5 Voc input voltage range will therefore require @ minimum supply voltage of 4.950

Note 7: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels.

www.nalional.com 4

AC Electrical Characteristics . _ _
The following specifications apply for Ve = 5V, Vger = 5V,Vger = 5V, t= t= 20 ns unless olherwise specified. Boldface lim-
its apply from Ty, to Tyax; All other limits T, =T,=25C.
Typ Tested Design Limit
Parameter Conditions (Note 5) Limit Limit Units
(Note 6) (Note 7)
fouk. Clock Frequency  MIN 02 0.2 MHz
MAX 2.6 2.6 MHz
Clock Duty Cycle MIN 40 40 %
MAX 60 60 %
tc, Conversion Time MIN 80 80 ek
MAX 90 90 ok
MIN fork=1.8 MHz 45 45 ys
MAX felk=1.8 MHz 50 50 ys
twwryL, Minimum WR Pulse CS =0 100 150 150 ns
Width
tacc, Access Time (Delay from | CS =0 170 300 300 ns
falling edge of RD to Output _
Data Valid) CL=100 pF, R = 2k
L, b, TRI-STATE Conltrol R =10k, C =10 pF 125 200 ns
(Delay from Rising Edge of RD
i = = 230 230 ns
to Hi-Z State) R =2k, C.=100 pF 145 3
twi, try, Delay from Falling
Edge of WR or RD o Reset of 300 450 450 ns
INTR
tirs, INTR {0 1st Read Set-up 400 550 550 ns
Time
Cin, Capacitance of Logic 5 .5 pF
Inputs
Cour. Capacitance of Logic 5 =5 pF
Outputs
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC eleclrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 2: All voltages are measured with respect to ground.
Note 3: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through the end points of the transfer
characteristic.
Note 4: For v,N(_)zv,N(,) the digital output code will be 00 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog input
voltages one diode drap below ground or one diode drop greater than Vcc supply. Be careful during testing at low Ve levels (4.5V), as high level analog inputs
(5V) can cause this input diode to conduct, especially at elevated temperatures, and Cause errors for analog inputs near full-scale. The spec allows 50 mV forward
bias of either diode. This means that as long as the analog V| does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve




Functional Diagram
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Typical Performance Characteristics
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Timing Diagrams

Start Conversion

\ /

W(WR)L
WR
|
(LAST DATA WAS READ)  twi }‘— | "

TR AST DATA WAS NOT READ) l

DE005261¢

Output Enable and Reset INTR

mmk e /——§
TN TN/

o 1STRO* \ ,K ano nrm
|
=& Ty e -:
DATA | NS TRISTATE
uTrUTS T W F T T = 150 ‘ BYTE et~y o] 5l -
sleindl }—‘ - }
' |
- 'm.‘un!«
DE06281-6
Note: All liming is measured from the 50% vollage points.
Byte Sequencing for ADC1005
Byte 8-Bit Data Bus Connection
Order DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
MSB
1st Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
LSB
2nd Bit 1 Bit 0 0 0 0 0 0 0

www.national.com 6



Block Diagram

RESET
INPUT PROTECTION
FOR ALL LOGIC INPUTS
TO INTERNAL
CIRCUIT CLK B
INPUT l

RESET

| START £/F I ]

CLKE
3
| 0
Vee LADDER | MsB
A L | — START CONVERSION
0ECODER  [¢ T
< <—
< sar e 1 s
o > b wores) [ ReGisTER | ¢ MESET
<+ H—
Ao |e ¢—
s K <—]
DAC p o6 =
Viout) T SET e
[Aenn. CLK A
= . i
G2
ONE
ViNt) SHOT
XFER
BVTESEQUENCER AND |
TRISTATE <
Ving) OUTPUT LATCHES BYTE
—I & WIE
e =
ADC1G05 20-PIN

L

L‘ 400 ns

TS(NOTE D)
L TRISTATE CONTROL RESET

“1"= QUTPUT ENABLE

0S005261-11
Note 8: CS shown twice for clarity.
Note 10: SAR=Successjve Approximalion Regisler.
FIGURE 1.
i inti at the input end of the 10-bit shift register. Intemal clock
Functlonal Descnptlon signals lhr:en transfer this “1” to the Q ougutof F/IF1. The AND
1.0 GENERAL OPERATION gate, G1, combines this “1" output with a clock signal to

provide a reset signal o the start F/F. If the set signal is no
longer present (either WR or CSisa “17) the start F/F is reset
and the 10-bit shift register then can have the “1" clocked in,
allowing the conversion process to continue. If the set signal
were slill present, this reset pulse would have no effect and
the 10-bit shift register would continue to be held in the reset

The ADC1005 uses an advanced potentiometric resistive mode. This logic therefcre allows for wide CS and WR
ladder network. The analog inputs, as well as the taps of this signals. The converter will start after at least one of these

ladder network are switched into a weighted capacitor array. signals returns high and the internal clocks again provide a
The output of this capacitor array is the input to a sampled reset signal for the start F/F. ’

data comparator. This Comparator allows the successive
approximation logic to match the analog input voltage [V (+)
= Vin(=)] to taps on the R network. The most significant bit is

A block diagram of the A/D converter is shown in Figure 1. All
of the inputs and outputs are shown and the major logic
control paths are drawn in heavier weight lines.

1.1 Converter Operation

To summarize, on the high-to-low transition of the WR input

the internal SAR latches and the shift register stages are
- reset. As long as the CS input and WR input remain low, the

tgs.ted ﬂrslvan.d after 10 COﬂ;lp?flSOﬂS (80 CIC?Ck cycles) a A/D will remain in a reset state. Conversion wiyl start after at

digital 10-bit binary code (all “1"s = full-scale) is transferred least one of these inputs makes 2 low-to-high transition

to an output latch. '

1.2 Starting a Conversion 1-3 Output Contral

T g — Afler the “1"is clocked through the 10-bit shift register (which
Igsu(;?;;ﬁ:{sgzissgﬁg‘ze:t;g éfg(:gpiﬁ/;)ngn\évﬁ,;g:ﬁﬁ- completes the SAR search) it causes the new digital word to
i ‘ e T t t - !
ing “1” level resets the 10-bit shift register, resets the inter- ransfer lo the TRI-STATE oulput lalches. When the XFER

rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, whichis
v/ www.national.com
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ADC1005

Functional Description (continued)

signal makes a high-to-low transition the one shot fires,
setling the INTR F/F. An inverting buffer then supplies the
INTR output signal.

Note that this SET control of the INTR F/F remains low for
approximately 400 ns. If the dala oulpul is corlinuously
enabled (CS and RD both held low) the INTR outpul will still
signal the end of the conversion (by a high-to-low transition).
This is because the SET input can conlrol the Q output of the
INTR F/F even though the RESET innut is constantly ata “1”
level. This INTR output will therefore stay low for the duration
of the SET signal.

When data is lo be read, the combination of bolh CS and RD

being low will cause the INTR F/F 1o be resel and the
TRI-STATE output latches will be enabled.

1.4 Free-Running and Self-Clocking Modes

For operation in the free-running mode an initializing pulse
should be used, following power-up, lo ensure circuit opera-
tion. In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be -momentarily forced to logic low following a
power-up cycle to ensure start up. '

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN makes use of a Schmitt trigger as shown in Figure 2.

CLK IN
: %—ﬁo—i—ocm
l A/D

“1irC

08005261-12

fok

FIGURE 2. Self-Clocking the A/D

2.0 REFERENCE VOLTAGE

The voltage applied to the reference input of these convert-
ers defines the voltage span of the analog input (the differ-
ence between Vinmax) and Vinming) over which the 1024
possible output codes apply. The devices can be used in
either ratiometric applications or in systems requiring abso-
lute accuracy. The reference pin must be connected to a
voltage source capable of driving the reference input resis-
tance of typically 4.8 kQ. This pin is the top of a resistor
divider string used for the successive approximation conver-
sion.

In a ratiometric system (Figure 3) the analog input voltage is
proportional to the voltage used for the A/D reference. This
voltage is typically the system power supply, so the Vrer Pin
can be tied to V. This technique relaxes the stability
requirements of the system references as the analog input
and A/D reference move logether maintaining the same
output code for a given input condition.

For absolute accuracy (Figure 4), where the analog input
varies between very specific voltage limits, the reference pin

can be biased with a time and temperature stable vollage
source. The LM385 and LM336 reference diodes are good
low current devices to use with these converiers.

The maximum value of the reference is limited to the Vee
supply voltage. The minimum value, however, can be small
to allow direct conversions of transducer outputs providing
less than a 5V oulput span. Parlicular care musl be laken
with regard to noise pickup, circuit layout, and syslem error
vollage sources when operating with a reduced span due to
lhe increased sensitivily of the converter (1 LSB equals
Vier/1024).

SV
Vee
2‘——‘ ViNg+)
<
Vrer —]
Vi)
AGND
—

DS006261-17

FIGURE 3. Ratiometric

5V
P I
i
Vee
0V- 2.5V
XDR ViN(+)
<
VReF 2.5V
-
LM385-2.5
Vin-)
AGND

DSONH261-18

FIGURE 4. Absolute with a2 Reduced Span

3.0 THE ANALOG INPUTS

3.1 Analog Differential Voltage Inputs and
Common-Mode Rejection

The differential inputs of these converters reduce the effects
of common-mode input noise, which is defined as noise
common to both selected “+" and “~" inputs (60 Hz is most
typical). The time interval belween sampling the “+" input
and the "=" input is half of an internal clock period. The

www.national.com




Functional Description (continued)

change in the common-mode voltage during this short time
interval can cause conversion errors. For a sinusoidal
common-mode signal, this error is:

4
VERRORMAX) = VpEAK (27 foym) X -

where fgy, is the frequency of the common-mode signal,
Veeak is its peak voltage value and foik is the clock fre-
quency at the CLK IN pin.

For a 60 Hz common-mode signal to generate a ¥4 LSB error
(1.2 mV) with the converter running at 1.8 MHz, ils peak
value would have to be 1.46V. A common-mode signal this
large is much greater than that generally found in data
aquisition systems.

3.2 Input Current

Due to the sampling nature of the analog inputs, short dura-
tion spikes of current enter the “+” input and exit the “-" input
at the clock rising edges during the conversion.‘These_cur—
rents decay rapidly and do riot cause errors as the intemal
comparator is strobed at the end of a clock period.

3.3 Input Bypass Capacitors

Bypass capacilors al the inpuls will average the current
spikes noled in 3.2 and cause a DC current to flow through
the output resistances of the analog signal sources. This
charge pumping action is worse for conlinuous conversions
with the V,(+) input voltage at full scale. For continuous
conversions with a 1.8 MHz clock frequency with the Vin(#)
input at 5V, this DC current is at a maximum of approxi-
mately 5 pA. Therefore, bypass capacitors should not be
used at the analog inputs or the Virer pin for high resistance
sources (>1 kQ). If input bypass capacitors are necessary
for noise filtering and high source resistance is desirable to
minimize capacitor size, the detrimental effects of the volt-
age drop across this input resistance, which is due to the
average value of the input current, can be eliminated with a
full-scale adjustment while the given source resistor and
input bypass capacilor are both in place. This is possible
because the average value of the input current is a linear
function of the differential input voltage.

3.4 Input Source Resistance

Large values of source resistance where an input bypzass
capacitor is not used, will not cause errors if the input cur-
rents setlle out prior {0 the comparison time. If a low pass
filter is required in the system, use a low valued series
resistor (<1 kQ) for a passive RC section or add an op amp
RC aclive low pass filler. For low source resistance applica-
tions (<0.1 kQ) a 4700 pF bypass capacilor at the inputs will
prevent pickup due to series lead induction of a long wire. A
100Q series resistor can be used to isolate this capacitor —
both the R and the C are placed outside the feedback loop —
from the output of an op amp, if used.

3.5 Noise

The leads to Ihe analog inputs (pins 6 and 7) should be kept
as short as possible to minimize input roise coupling. Both
noise and undesired digital clock coupling to these inpuls
can cause system errors. The source resistance for these
inputs should, in general, be kept below 1 kQ. Larger values
uf source resistance can cause undesired system noise

pickup. Input bypass capacitors, placed from the analog
inputs to ground, can reduce system noise pickup but can
create analog scale errors. See section 3.2, 3.3, and 3.4 if
input filtering is to be used.

4.0 OFFSET AND REFERENCE ADJUSTMENT

4.1 Zero Offset

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V(-) input and applying a small magnitude
positive voltage to the V(+) input. Zero error is the difference
between the actual DC input voltage that is necessary to just
cause an output digital code transition from 00 0000 0000 to
00 0000 0001 and the ideal ¥4 LSB value (v LSB = 2.45 mV
for Vger = 5.0 Vpe).

The zero of the A/D normally does not require adjustment.
However, for cases where Vininy s not ground and in
reduced span applications (Vger < 5V), an offset adjustment
may be desired. The converter can be made to output an all
zero digital code for an arbitrary input by biasing the A/D's
Vin(-) input at that voltage. This utilizes the differential input
operation of the A/D.

4.2 Full Scale

The full-scale adjusiment can be made by applying a differ-
ential input voltage that is 114 LSB down from the desired
analog full-scale voltage range and then adjusting the mag-
nilude of the V- input for a digital output code that is just
changing from 11 1111 1110 to 11 1111 1111.

4.3 Adjusting for an Arbitrary Analog
Input Voltage Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
that does not go to ground), this new zero reference should
be properly adjusted first. A Vin(+) voltage that equals this
desired zero reference plus ¥2 LSB (where the LSB is cal-
culated for the desired analog span, 1 LSB = analog span/
1024) is applied to selected “+" input and the zero reference
voltage at the corresponding "= input should then be ad-
justed to just oblain the 0004 x 001,44 code transition.
The full-scale adjustment should be made [with the proper
Vin(-) vollage applied] by forcing a vollage 1o the V(+)
input given by:

. Vimax VMIN)J
Vin(+) FS adj = Vyay — 1.5 [MAX__ YMIN)
in(+) j MAX 1004

where V. = the high end of the analog input range and
Vauin = lhe low end (the offset zero) of the anailog range.
(Both are ground referenced).
The Vger {or Vee) vollage is then adjusted to provide a code
change from 3FF, .y to 3FEnex. This compleies the adjust-
ment procedure.

For an example see the Zero-Shift and Span-Adjust circuit
below.

5.0 POWER SUPPLIES

Noise spikes on the Vee supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close lo
the converter Vee pin and values of 1 pF or greater are
recommended. If an unregulated voltage is available in the

www.national.com
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Functional Description (Continued) capacitor and the self-clocking capacitor (if used) should
both be returned to the digital ground. Any Vger bypass

system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- capacitors, analog input filters capacitors, or input signal

lator for the converter (and the other analog circuitry) will shielding should be returned to the analog ground point.

greatly reduce digital noise on the Vee supply.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass

Vee
5 Vge)
T
'KC_O_—— Viyl! Ver T
Viy ) ’ - 30
N T 10 .F § __l_é
_é_ L e = > 1.2k
AUCIOUS - ADy
(—— N T =1
| 172 LM358 l
1%
) [ : [
Vine ) VREF REY SETS VOLTAGE SPAN |
P o
4
I Pt !
| LM336 25 |
SETS ZERO
COUE VOLTAGE W 3 i |
A

1« L_,: ________ "

ZIk 2V = =
ZERO ADJ

OUSU0261-16
FIGURE 5. Zero-Shift and Span-Adjust (2V < V,, < 5V)
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sV
rw B 20 T
s vee <
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£ B CLK R
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Typical Applications (continued)

Operating with Ratiometric Transducers

Vee (5 voc)
Veo
XDR VIN(+)
3.3k
L -
= gm 1/2UM358A
Vi il J &
EF
1k % 10 TURN
TRIM POT
ZEROD >4— WiN(—)
ADJ ——
7.5k
3k =
AGND
DS005261-14

Vin(=) = 0.15 Ve )
15% of Vi < Vypr € 85% of Ve

TRI-STATE Test Circuits and Waveforms

ti

<
I3}
©

]
ol

o)

o

H— |-

OSU0s261-1

AD
DATA

OUTPUT
= =——tH
° L L CT: S \'—su
DATA i
l OUTPUTS
= e GND & e

Handling *5V Analog Inputs

Vee (5 Voe)
2k Vee
Ving+)
2k
£5V Vier f—!
I
= AGND
DS005261-15

ty C =10 pF

== Yy

50%
A 50%
fiios

Vee
GND

080652615
=20 ns
ton t,,, CL=10 pF
Voo Ver 'I:‘l'
7 Ve = o
D F so
R GND _-{IC
! £ 50
RDO— DATA [ToH
£ ouTRLT vee ¥l
l nATA
L QUIPUTS /
I , Fox
You o
i = DS005261-10
050052610 1,220 ns
"

www.nationai.com

gooloav



ADC1005 10-Bit uP Compatible A/D Converter

0.180 0.290-0.320
(4.572)_1 [~ {366 "oz
MAX ] _‘_}»
Iﬁ
/4/195” *5°
0.310-0.410 |

(7.874-10.41)

LIFE SUPPORT POLICY

COUNSEL OF NATIONAL S

Systems which, (a)
into the body, or (b)
accordance with instructons
labeling, can be reasonably
significant injury to the user.

Physical Dimensions inches (milimete

rs) unless otherwise noted

0.985
0.025 —~ {25.019) —
@83\ ‘ Max (
W\ I %) [w] 7] @] [7] [ 5] (] @
T
0.220-0.310 _\4_ o
(5.5688—7.874)
AU OO E
0.005 - 0.020 /
{0.127 - 0.508)
RAD TYP ol | 0.037+0.005
{ (0.940 1.0.127)
. o005 0.055 +0.005 o
- (0.127) (1.39740.127) 0.020—0.060

GLASS SEALANT .

MIN

86° 94~
0008-0.012
(0.203-0.305)

0.060
(1.524)
MAX

BOTH ENDS

Hermetic Dual-

0.125 —0.200

(0.457 £ 0.076)
0.100:£0.010
(2.540 £0.254)

JZ0R (REV M)

n-Line Package (J)

Order Number ADC1005BCJ, ADC1005BCJ-1,
ADC1005CCJ or ADC1005CCJ-1
NS Package Number J20A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR U
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF TH
EMICONDUCTOR CORPOR

1. Life support devices or systems are devices or
are intended for surgical implant
support or suslain life, and
whose failure to perform when properly used in

for use provided in the
expected to result in a

SE AS CRITICAL COMPONENTS IN LIFE SUPPORT

E PRESIDENT AND GENERAL
ATION. As used herein:

2. A critical component is any component of a life
supporl device or system whose failure to perform
Can be reasonably expecled o cause the failure of
the life support device or system, or lo affect ils
safely or effectiveness.

National Semiconductor
Corporation

Americas

Email' support@nse.com

&

WWw national com

National Semiconductor
Europe
Fax:
Email;
Deutsch Tel
English  Tel:
Frangais (el

+44 (0) 870 24 0 217
+33(0) 141918720

+49 (0) 180-530 85 86
&urope.supponrt@nsc.com
+49 (0) 62 9508 6208

National Semiconductor
Asia Pacific Customer
Response Group

Tel. 65-2544456

Fax: 65-2504466

1 Email: 3p.support@nsc.com

Nationai Semiconductor
Japan Ltd.

lel: 81-3-5639-7560
Fax: 81-3-5039-7507

Naticnal does not assume any respensibility for use of any circuitry described, no circuit patent licenses are implied and National feserves the right at any time without notice tc change said circuitry and specifications
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